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PREFACE TO THE PHYSICAL SCIENCES 


In this series, the Discourses dealing with Chemistry and 
Physics have been grouped together under the one heading. It 
is difficult to draw a sharp line of demarcation between Chemistry 
and Physics, especially in the earlier Discourses where such a 
distinction was hardly recognized. Further, many of the Dis- 
courses deal with subjects which are of fundamental interest 
both to Physics and Chemistry. This is especially so in, the present 
century when the structure of the chemical properties of the 
elements came to be understood. No attempt has been made, 
therefore, to arrange the Discourses under the separate headings 
of Physics and Chemistry, because if this were done each series 
would be so incomplete. 

The.pc'JoH which is covered, 1851 to 1939, witnessed the great 
change from “Classical” Physics to the “New’' Physics. It is 
generally acknowledged that J. J. Thomson was re.sponsible for 
initiating this revolution, by his identification of the electron as 
a body much smaller than an atom and a constituent of all atoms. 
The first announcement of his discovery to the scientific: world 
was his Di.scourse on “Cathode Rays'’ at I'he Royal Institution 
in 1897, a famous occasion in its history. 

Before then it was the day of Classical Physics, and the Dis- 
courses reflect the interests of that period. A structure of imposing 
symmetry and completeness had been built on the foundations 
laid by famous men in the fields of Heat, Light, Sound, Elec- 
tricity and Magnetism. It was a time when most of the funda- 
mental discoveries of Physics seemed to have been made, and 
all that remained was “to measure the fundamental constants 
of Nature to another decimal place". Many of the Discourses 
were on subjects which may seem riow^ to be of relatively 
minor importance, but they arc fascinating to read because, 
although they often deal \vith points of detail, they icflect such 
a deep interest in manifestations of scientific principles. There 
are many Discourses by Faraday and Tyndall who were Pro- 
fessors in the Institution, and by others who have made scientific 
history -Andrews, Stokes, C-ornu‘, Crookes, William Thomson, 



Rayleigh, Dewar, Icsla, E\ving, John Hopkinson, Lippmann 
and many others. 

Then, starting with J. J. Thomson’s account of his 
“corpuscles” (elet trons) the Discourses assume a new character 
because a new world of Physics had been discovered. Becquerel 
and (airie describe the discovery of radioactivity, and there are 
many Discourses by Rutherford. C. T. R. Wilson describes his 
CHoud Cniainber, Soddy talks about isotopes, Barkla about 
X-rays, Zeeman about magneto-optics and Jeans explains the 
significance of the new mechanics. 

In chemistry as well, the period covered by these Discourses 
witnessed a transformation of the science. During the two decades 
following the year KSSI the basic ideas of structural organic 
chemistry and valency \vere laid down and the lectures of 
Williamson, Odling, Frankland, Mendeleev, Clrum-Brown and 
others illustrate in a fascinating way, how difncult was the birth 
of these concepts w'hich to-day seem so elementary. Hofman 
describes the first synthesis of the dyes mauve and magenta, 
harbingers of a great chemical industi y. Vhe, properties of new 
metallic elements are described almost as (hey are discovered 
and Rayleigh giv('s an account ol his discovery, with Ramsay, 
of the first of the noble ga'Nt's, aigon. l.oid Ra\leigh was a Pro- 
fessor of the Royal Institution and the bieadth of his scientific 
work, described in many Discourses, is quite remarkable. 

The foundations of much of physical eluanistry wctc laid 
during this period. Anhcmiiis desciibc-s his development of the 
theory of electrolytic dissociation, Jueundhch, McBain and 
Langmuir lay the basis of colloid science' and the' development of 
chemical spectrosco])y can be traced through the Discourses e)f 
Stoke's, R. W Wood, R()sce)e and othcis. De'war describes his 
preparation of lifjind and solid hydrogen in the' laboratories of 
the Institution aiul Sii William Henry Bragg, who directed the 
Institution during the last yeais of this period, gives many 
accounts of the development and apj)licatie)ns of X-ray analysis. 

This series of Discourses therefore repn'sents a cross section of 
the growth of physics and chemistry in the latter half of the 
nineteenth cenliny and the first half of the twentieth century 
and represents a great turning point in the history of tfie physical 
sciences. 

WILLIAM r.AWRF.NCE BRAGG 

georCe porter 



FOREWORD TO THE SERIES BY THE 
GENERAL EDITOR 

Sir William Lawrence Bragg 

The discourses at the Royal Institution are unique in eharactcr. 
On each Friday ixUwecn October and June, a well-known 
authority is invited to give a general review of his subject, and 
he is asked not to assume any expert scientific knowledge on the 
part of his listeners. A tradition has grown up around the ‘‘Royal 
Institution Discourse” which is regarded as a special occasion 
calling for a talk distinguished by simplicity and clarity and, 
when appropriate, illustrated by intei (‘sting expeiiments and 
demonstrations. Most of the discourse's art' on scientific subjc'Cts, 
but the-a^ts are also repu'sented. 

These talks present a broad suiv(‘y of cm rent scientific thought 
and achievement. 'They carry the authority of the famous men 
who have given them, and at the same time they are easy to 
understand. Their grc'at interc'st pro\id(‘s the justification for 
their being publislu'd in lh(‘ pres(*nt foini. No attempt has been 
made to select; all have been included because it is rare to find 
one lacking in inteiest today. 

Since the number of discourses is large and they cover such 
a wide range, they have been grouped under main subject 
headings and the discouisc\s under each of the' following headings 
will be published as a separate serit's: 

The Physical Sciences (Plusics and Ghemistry) 

Astronomy (Astronomical S^'icnccs) 

U'he Earth Sciences (Gc'ograph), Geology, 

Meteorology) 

The Biological Sci(‘nccs (Botany, Zoology, 

Palaeontology) 

After the above volumes have been published, it is anticipated 
that further volumes in the seric's will appear under the following 
headings: 

The Medical Science's (Mcxlicine, Physiology, Psychology) 

'The Social Sciences (.Anthropology, Archaeology, 

Sociology, Economics) 



The Applied Sciences (Electrical, Mechanical, 

Chemical and Civil Engi- 
neering, Metallurgy) 

The History and Philosophy of Science 

The series starts in the year 1851, because it was only then 
that regular publication of accounts or abstracts of the discourses 
began. The Royal Institution at this date had already been a 
major centre of research in Great Britain for fifty years, first 
under Humphry Davy and then under Michael Faraday and 
many famous men had worked there. A decision as to when to 
end the series must be arbitrary, but it was felt that the more 
recent discourses, while just as interesting, do not have the same 
attraction of catching the atmosphere of science in generations 
which have passed which is much of the charm of the earlier 
ones. This series was therefore brought to a close in 1939, just 
before World War II. 

It is hoped that this series will be interesting to professional 
scientists, and especially to students of the History of Science in 
that it preserves so much fascinating material in a readily 
available form. But it is also hoped that this collection will be 
welcome to all who are interested in science since it was to them 
that the Discourses were originally addressed and for them that 
they were so carefully planned by the great masters in the past. 



Friday, January 24. 

Sir R. I. Murchison, Vice-President, in the Chair. 

Professor Faraday 

On the Magnetic Characters and Relations of Oxygen and Nitrogen. 

In a Friday Evening discourse on the diamagnetic condition of 
flame and gases, delivered on the 14th April, 1848, Mr. Faraday 
called attention to the singular condition of oxygen gas in its rela- 
tion to .t]he magnet. It was then demonstrated that this gas was 
magnetic by its carrying a cloud of muriate of ammonia (itself dia- 
magnetic) to the poles of the magnet, around which it seemed to 
gyrate in vortices. A more elaborate paper on the same subject had 
previously appeared in the Phil. Mag. for December, 1847. 

Last year M. Becquerel, not aware of these researches, had redis- 
covered the high magnetic character of oxygen, made some indepen- 
dent investigations, and derived numerical results fl’om them. These 
inquiries Mr. Faraday does not consider to interfere with, but strongly 
to confirm his own. 

Oxygen is one of the most remarkable of known bodies : it forma 
one half of the aggregate of all matter. Important as are its mag- 
netic properties, it seems incapable of receiving permanent magnetism 
like steel or the natural loadstone. By a series of elementary 
experiments the audience were led to discriminate between these 
bodies, and soft iron, nickel, cobalt ; which unless while under an 
extraneous magnetic influence, have no attractive force. Oxygen 
being of the latter class, it is not certain that, even while it possesses 
an attractive power, it is in the exact condition of the permanently 
magnetical b(^y from which it derives it. 

Were oxygen highly magnetic in the same extent as iron is, the 
immense quantity of magnetic power which would in that case be 
constantly undergoing variation by combustion, respiration, &c., 
would cause the most serious disturbances in nature. It is necessary 
to the conservation of the present state of things that the magnetic 
power in a given bulk of oxygen should be comparatively small. 
The audience were therefore told to expect no great demonstration 
of magnetism ; but the extent to which that power does exist in 
oxygen and air, was proved by the following experiments : — 
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A doable cone of iron (the apices of the cones meeting in a pointy 
and the cones being eqi^ and similar,) was fabricated of such a 
length as to complete the magnetic circuit when placed between the 
poles of the large electro-magnet in possession of the Royal Institu- 
tion. Mr. Faraday directed attention to this hourglass-shaped 
piece, and showed how, by such an arrangement, extreme power is 
exerted at the place without any chance of change in the form of the 
parts. Very small soap-bubbles were blown by means of a glass 
tube drawn to a fine point, from a bladder filled with oxygen. It 
was observed that these bladders so filled were drawn forcibly in- 
wards to the apices of the cones, but that no such effect followed 
when bubbles were filled with nitrogen. Another experiment, 
which was visible all over the room, at once demonstrated the 
same fact, and illustrated a differential mode of measuring the 
magnetic force of oxygen. A delicately balanced wire was sus- 
pended from its centre of gravity by 10 fibres of the cocoon of the 
silk-worm ; from the extremities of a small cross bar at one end of 
this wire were hung small glass bubbles ; and the whole was so ad- 
justed that the bubbles were on opposite sides of the apices first 
described, each hanging near to it but not in contact with the 
iron, and each equidistant from it. Therefore any difference of 
magnetic influence on the bubbles or their contents would be indi- 
cated by the bubble so affected being drawn inwards. In order 
to render such motion widely visible, the other arm of the balance 
just described was converted into a long indicating lever, con- 
structed of a straw for the sake of lightness. To the extremity of 
the longer end a slip of silk was attached to catch the eye, and the 
lever was shielded from the currents in th»»room by being placed 
within a glass balloon two feet in diameter. By the motion of the 
lever it was seen, when one of the bubbles was filled completely or 
partially with oxygen and the other with nitrogen, that nitrogen, 
whether dense or rare, was totally unaffected by the magnet, and 
that oxygen was magnetic in direct proportion to its density in the 
bubble ; and that the force required to set the bubble of oxygen 
(one atmosphere) in motion towards the magnet was one-tenth of a 
grain for one-third of a cubic inch of oxygen. 

Certain peculiarities in the exertion of the power which is here in 
action, not as a central, but as an axial force, were then referred to. 

The inference from the experiment, supported by other experi- 
ments on bubbles containing air, is — that as oxygen enters into the 
atmosphere in a constant proportion, and as the magnetic power 
of oxygen varies directly with its density, detoite variation must 
take place in the magnetic power of the atmi>8phere in different 
states. 

Mr. Faraday was led to inquire whether any ^paration of oxygen 
from nitrogen in a mixture of these gases could twe place, as happens 
when a ma^et is presented to a mixture of iron filings and sand. 
To test this idea he applied to the conical angle (so often de« 
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scribed as the centre of magnetic force.) a glass tube drawn to a 
point (as in the apparatus used for blowing the delicate soap-bubbles,) 
and filled with water ; by slowly withdrawing the water, the air could 
be drawn into the tube from any desired spot and tested. This was 
done ; and it was found that even when the magnetic action was 
most intense, the proportions of the magnetic oxygen and of the non- 
magnetic nitrogen were undisturbed.— The following experiment 
proved that no condensation was produced on oxygen by the magne- 
tic power, t. e. that it is not aggregated, as happens with iron filings 
when under the influence of the magnet. The flat-faced poles of 
the magnet were separated the 60th of an inch by a copper plate 
with an aperture in the middle, so that when the whole was clamped 
together a chamber was formed. By gauges attached to this chamber 
it was found that no trace of condensation occurred, however great 
was the magnetical force brought to bear on the oxygen. 

The loss of magnetical power occasioned by heat was then 
noticed. This was shown first in the case of iron heated to redness ; 
then in that of nickel raised to the temperature of boiling oil ; and 
lastly, in the case of the air (i. e. of the oxygen in this air) by the 
followii\g experiment : — Two conical poles a little separated were 
employed ; above was placed a piece of phosphorus on paper, and below 
a helix of platinum wire heated to redness by a small Grove’s battery 
independent of that used to excite the electro-magnet. The heated 
air, rising upwards from the helix, speedily inflamed the phosphorus 
above it whilst the electro- magnet was unexcited ; but when rendered 
active, the oxygen in the heated air beconiing less magnetic, was dis- 
placed by the current of colder (and consequently more magnetical) 
oxygen, and the phosphorus in consequence remained unaflfected by 
the mass which glowed beneath it, until the electro-magnet was 
deprived of its power ; and then the natural laws of specific gravity 
came again into operation, the heated air rose, and the phosphorus 
was lighted. 

In conclusion, Mr. Faraday announced his intention of applying, on 
a future evening, the reasoning deducible from these and other experi- 
ments, to the variation of magnetic lines on the earth’s surface. His 
purpose then will be to compare the records of this varying force with 
the variations of temperature occasioned by the annual revolution of 
the earth, the varying pressure of the atmosphere, storms, &c. with 
the hope of supplying a true theory of the cause of the annual and 
diurnal, and many of the irregular variations of the terrestrial mag- 
netic pow’er. 

For the papers in which these results are described more at large, 
see Philosophical Magazine, 1847, Vol. xxxi. p. 401 ; and Philoso- 
phical Transactions for 1851, p. 1. 



Friday, March 28 . 

William Pole, Esq. M.A. F.R.S. Treasurer, in the Chair. 

Nkvil Story Maskelyne, Esq., M.A. 

On the Connexion of Chemical Forces with the Polarization of Light. 

Any facts which can throw light upon the ultimate molecular 
structure and condition of chemical compounds, cannot fail of pos- 
sessing interest of a high character, as well for those whose 
thoughts only casually dwell upon questions of physical science, as 
for the mathematician and the chemist. To the mathematician, 
indeed, they would, if completely unfolded, supply the data for him 
to undertake the resolution of the questions of chemical combination 
and chemical change, by treating them as problems involving the 
action of mechanic^, laws ; to the chemist, the acquisition of such 
knowledge would be the removal of some of the profoundest diffi- 
culties of his philosophy : but such knowledge is only to be sought 
in the most difficult paths of the whole range of science. The 
question of the connexion of chemical type with crystalline form, 
theihiitful cause of so much contention among mineralogists as to 
the questions of mineral species, is one on which we have no com- 
plete and sure knowledge ; for the facts of dimorphism show, that 
implicated with this question are the actions of other forces, such as 
electric condition, and above all the mysterious molecular edteratiuns 
induced by heat. Another direction in which such inquiries have 
been pursued, has been in tracing the phenomena resulting from the 
property possessed by many bodies, of modifying a plane-polarized 
ray of light, by what is termed circular-polarization. This property, 
from its being proved to be, in a large number of cases, an expression 
of the molectdar structure of the substance, and as such inseparable in 
many cases from its chemical existence, may be taken, whenever 
this can be shown to be the case, as an evidence of its individuality, 
and may be used to determine the question of the permanency or 
transitory character of the molecular type of the substai^e. The 
information thus gained may be but vaguely defined, and the truth 
but darkly seen, yet does it nevertheless afford a valuable and 
interesting point of view for studying the molecular nature of bodies. 
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M. Biot has been for forty years enriching chemico-physical science 
by a series of memoirs detailing the results of his study of these 
phenomena. He has there shown the value of this means of tracing 
changes in chemico- molecular constitution. 

M. Pasteur has carried forward this inquiry into a new channel 
by tracing a connexion between this property in substances, of 
circularly polarizing light, and their crystalline character. 

But as it would be impossible to explain the nature of hie investi- 
gations, or their results, without a preliminary knowledge of the 
meaning of the terms “ circular polarization,*’ and " hemihedrism," it 
was necessary first to enter a little upon the explanation of them. 

Accordingly a ray was explained as being a direction of light, 
having no relations to space which differed from each other in 
directions perpendicular to its length. Thus without complicating 
the subject, by using the language of the beautiful wave- theory, 
a ray might be imagined as a cylinder of minutest diameter 
but indefinite length. When such a ray is reflected at a cer- 
tain angle from glass or such like substance it is split into two ; 
one going into, and through the glass if it be not opaque, the other 
being rtiiected from it. These two rays no longer possess the same 
“ absence of sides’* as the original ray. For the one has been as it 
were flattened down to a strip,” while the other has also been flat- 
tened similarly into a “ strip,” but the latter strip is at right angles 
in regard to its flattened plane” to what the other is. A similar 
bifurcation of the ray is produced in the interior of what are called 
doubly refracting crystals. Tnis bifurcation and flattening of the ray 
is termed ** plane polarization ” of it ; and it is so far a true instance 
of polarity — as that the two rays have equal and similar properties in 
opposed directions. 

This was exhibited by the Lime-light. The double image of a 
small round hole formed by a crystal of Iceland spar was thrown on 
a screen, and each beam shown to be most capable of reflection in a 
plane in which the other was incapable of being teflected at all. The 
action of the tourmaline as a doubly refracting crystal which absorbs 
one of the rays was then explained ; and it was shown that the posi- 
tion of the tourmaline in which it intercepted one ray entirely, was 
exactly the position in which it gave the other ray free passage. 
The optic axis of a crystal was then defined to be a direction in it 
along which the light could pass through the crystal without under- 
going any change whatever. The central ray of a polarized beam of 
light, traversing a piece of calc spar along its optic axis, was shown 
to be intercepted or transmitted by a tourmaline, precisely as if the 
section of the crystal of calc spar were away. 

An exception was however stated to exist to this law of the 
neutrality of the optic axis. When a section of quartz, cut so that 
the beam could career along its optic axis, was put in the path of 
the polarized ray, it was found that instead of permitting the ray to 
be eclipsed by the tourmaline when this was placed in the position 
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to eclipse it, that ray on the contrary fell on the screen endowed 
with beautiful colour ; and furthermore that the revolution of the tour- 
maline induced the most brilliant succession of colours, in the order, 
in the instance exhibited, of red, plum-colour, blue, green, orange, red. 
It was shown, however, that another specimen exhibited these colours 
in the reverse order of red, orange, green, blue, plum-colour, red ; in 
which order the former specimen of quartz produced these colours 
when the tourmaline was turned in the opposite direction. Hence 
these are termed right and left handed polarizations. The whole of 
these phenomena were attributed to a complicated set of movements 
of the light within the crystal, the resultant of w'hich was practically 
a rotation of the plane in which the ray was capable of being re- 
flected, — so that the thicker the crystal, the further round the tour- 
maline had to be turned to permit the ray to pass it, or to be eclipsed, 
as the case might be. The opposite order of the colours was ex- 
plained by the Action of supposing the one to be the effect of a left 
handed thread to the screw and the other of a right handed thread 
characterizing the spiral in which the plane of polarization was sup- 
posed to rotate. Of course this was only a popular way of explain- 
ing the phenomenon, it being really due to a more complicated series 
of movements which were explained by Fresnel in the most 
triumphant manner by the wave theory. 

The colour was accounted for by the idea of the red following a 
longer spiral (having a coarser thread to the screw) than that of 
the orange, this than the yellow, and so on up to the violet. 
Without the tourmaline in front all would emerge and form white 
light ; but the tourmaline only allows such rays to .4)as8 it as are 
capable of passing it m its particular position ; f . e. only such, the 
rotation of whose plane has brought them round to the position of 
the plane in whicL the tourmaline lets the light through. 

The singular fact of amethyst being a combination of alternate 
layers of right and left-handed quartz was then exhibited, both by 
throwing the image of the alternate layers on the screen, and after- 
wards by showing that the general effect of a traversing polarizing 
beam was to produce a neutrality of action. Other substances, 
however, produce phenomena of circular polarization. Uncrystsdlized, 
fused tartaric acid, and barley sugar, &c. produce them ; and these 
bodies when dissolved, and many more in the form of liquids also, do 
so, some of which were exhibited. But the silica of which quartz 
consists entirely loses this property when divested of its crystalline 
character, whether artificially or in its natural state as calcedony, 
opal, &c. All other bodies retain it so long as their chemical 
molecule retains its individuality of character. 

The next point to be made clear, was the meaning of that form 
of crystallographic developement called “ Hemihedrism.^’ Hauy's 
great law was, that similar edges or angles were always similarly 
modifled. The nature of similarity in edges or angles was then 
pointed out, and the general idea of many crystallographers of a 
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sort of nucleus or primitive form existing on which the crystal was 
formed, was explained, as also the nature of the developement of 
such a crystal by the modifications placed on the edges and angles 
according to the law before mentioned. But the exception to that 
law was not less remarkable for its generality of character than 
the law itself. This exception consists in the fact that very often 
crystals are found in which not every similar edge or angle was 
modified, but where every alternate similar edge or alternate similar 
angle was So. This circumstance was then illustrated by the actual 
truncation of some models ; and it was shown that such alternately 
developed or hemihedral crystals may be right and left, the upper 
terminal modification being to the right in the one case, and the 
corresponding and similar lower terminal modification being then to 
the left, while in the other case they are exactly the converse. Hence, 
one crystal is, as Pasteur describes it, non superposable ” to the 
other ; the one is as the image of the other reflected in a mirror, 
as the right hand is compared to the left. 

A beautiful connexion was then pointed out, as established long 
ago by the acute observation of Sir J. Herschel, that the plagiedral 
faceUcs cr 4uartz indicated, by their relative positions on the crystal, 
the direction in which the crystal would rotate the plane of polari* 
zation. The crystallographic character* of these facettes was then 
pointed out, and their connexion shown with this hemihedrism. 
But the most beautiful instance of the connexion of hemihedrism in 
crystals with the direction of the rotatory power of the substance of 
which they are composed is afforded by me recent discoveries of 
Pasteur, which may now be almost traced to a law, enunciated thus : 
that where a substance is hemihedric when crystallized, and pos- 
sesses the rotating character, the direction of the rotation is 
indicated by the nature of the hemihedrism. 

Paratartaric acid was then introduced. It was described as ex- 
tremely like tartaric acid in its chemical reactions and identical 
with it in composition. It was similarly formed to the latter, and 
was found only one year in the cream of tartar of the wine of the 
Vosges. Pasteur separated the crystals of the Paratartrate of soda 
and ammonia into two several sets ; the one set he showed to be 
hemihedric to the right, the other set to the left. The former 
proved to be the salt of an acid rotating to the right, th*e latter of one 
rotating to the left. On examining these acids they were found in 
every single property, but this rotation, identical with one another 
and with tartaric acid. Yet when mixed they formed again the Pa- 
ratartaric acid, which, like the amethyst, is without any action of 
a rotatory character, and the difference of which from the other two 
aQids was then exhibited by the precipitation by the latter of a 
salt of lime which did not render either of the former turbid. 

Mr. Maskelyne then detailed the exp^ . iments of M. Pasteur on 
malic and aspartic acids and asparagine, and showed how all of 
these could be understood to contain chemically a molecular unit 
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common to all these and perhaps to tartaric acid, and only modified a 
little by the super-position as it were of other substances, in combina- 
tion with it, upon the extremities of its molecule. 

He also dwelt on the possibility of the Paratartaric acid being a 
quadribasic as the tartaric acid is a bibasic acid ; it being on this 
view a conjugate acid consisting of the two united tartaric acids. 
He then invited attention to the interesting nature of M. Biot’s inves- 
tigation of the action of tartaric acid in solution in water, and he 
showed that here the acid must be supposed capable of .combining 
with an indefinite or indeed an infinite amount of water, while in 
other cases again, bodies (such as sugar for instance) exercise no 
effect upon the water and do not seem to combine with, but only to 
be dissolved in it. The former is an instance of a continuous and not 
intermittent sort of combination ; and though we need not anticipate 
a recurrence of the controversy of Berthollet and Proust, yet this 
shows us that the actions of quantity or mass so dwelt on by the 
former are not without a great significance ; and that the power that 
can thus enable us to determine such important points in chemical 
statics, is well worthy of the attention of the philosophic mind. 

Dr. Bence Jones permitted a Saccharinieter appar. tus of Solcil’s, 
on the double- quartz-plate principle, to be exhibited, and explained 
its use. Mr. Tennant also exhibited a mass of quite transparent 
Iceland spar, and a beautiful crystal of plagiedral quartz. 

Since the delivery of the lecture, a letter has been received from 
M. Pasteur stating that he had forwarded for exhibition at and 
illustration of this lecture, all the finest specimens of the crystals 
which he has produced, which are further illustrated by models and 
diagrams. They are the same as those which were Exhibited at the 
Academy of Sciences at Paris, and the liberality of M. Pasteur’s act 
will be appreciated by Members of the Royal Institution, when they 
are reminded that the Paratartaric acid of which they are the 
products is impossible to be obtained, from its having only once been 
accidentally formed, and that these specimens therefore consist pro- 
bably of the only large accumulation of this body in existence. As 
soon as they arrive they will be exhibited to the Members. 

Nevil Storv Maskklynk. 



Friday, April 11, 

H. R. H. Prince Albert, Vice Patson, in the Chair, 

Professor Faraday 
On Atmospha'ic Magnetism. 

On a former evening {January 24, page 1) it was shown that Oxygen 
gas was magnetic, being attracted towards the poles of a magnet ; 
and that like other magnetic bodies, it lost and gained in power as 
its temperature was raised and lowered, and that the change occuiTed 
within the range of natural temperatures. These properties it car- 
ries into the atmosphere ; and the object, this evening, was to show 
how far they might be applied to explain certain of the observed 
vajiatiuiis of the terrestrial magnetic force. 

If a source of magnetic power be considered (as a magnet) it 
presents us with a system having polarity ; and if the parts which 
are called the poles be taken as representing the most concentrated 
condition of the polarity, then the contrary polarities, manifest ex- 
ternally in relation to the magnet, are perfectly definite, being exactly 
equal to each other. If the magnet be irregular in the disposition of 
its force, still the same definite character of the sum of the contrary 
polarities holds good. 

External to the magnet those concentrations which are named 
poles may be considered as connected by what are called magnetic 
curves, or lines of magnetic force, existing in the space around. 
These phrases have a high meaning, and represent the ideality of 
magnetism. They imply not merely the directions of force, which are 
made manifest when a little magnet, or a crystal, or other subject of 
magnetic action is placed amongst them, but those lines of power 
which connect and sustain the polarities, and exist as much when there 
is no magnetic needle or crystal there as when there is ; having an 
independent existence analogous to (though very difierent in nature 
from) a ray of light or heat, which, though it be present in a given 
space, and even occupies time in its transmission, is absolutely insen- 
sible to us by any means whilst it remains a ray, and is only made 
known through its effects when it ceases to exist. The form of a 
line of magnetic force may vary exceedingly from a straight line to 
every degree of curvature, and may even have double and compli- 
cated curvatures impressed upon it. Its direction is determined by its 
polarity, the two changing together, its powers are such, that a 
magnetic needle placed in it finds its place of rest parallel to it ; a 
crystal of calcareous spar turns until its optic axis is transverse to it ; 
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and a wire which is unaffected when moved in or along it, has an electric 
current evolved the instant that it passes across it : by these and by 
other means the presence of the magnetic line of force and its direc- 
tion are rendered manifest. 

The Earth is a great magnet : its power, according to Gauss, 
being equal to that which would be conferred if every cubic yard of 
it contained six one-pound magnets ; the sum of th(^ force therefore is 
equal to 8.464,000,000,000,000,000,000 such magnets. The dispo- 
sition of this magnetic force is not regular, nor are there any points 
on the surface which can be properly called poles : still the regions 
of polarity are in high north and south latitudes ; and these are con- 
nected by lines of magnetic force (being the lines of direction) which, 
generally speaking, rise out of the earth in one (magnetic) hemi- 
sphere, and passing in varied directions over the equatorial regions 
into the other hemisphere, there enter into the earth to complete the 
known circuit of power. A free needle shows the presence and 
direction of these lines. In London they issue from the earth at an 
angle of about 69° with the horizon (being the dip or inclination) ; 
and the plane in which they rise forms an angle of 23*" W. nearly 
with true north, giving what is called west declination. Where the 
dip is small, as at the magnetic equator, these lines scarcely rise out 
of the earth and pass but a little way above the surface ; but where it 
is large, as in northern or southern latitudes, they rise up at a 
greater angle, and pass into the distant realms of space, from 
whence they return again to the earth in the opposite magnetic hemi- 
sphere ; thus investing the globe with a system of forces like that 
about an ordinary magnet, which wherever it passes through the atmo- 
sphere is subject to the changing action of its magnetic oxygen. 
There is every reason to believe that these lines are held in the earth, 
out of which they, arise and by which they are produced, just as the 
lines which originate in a magnet are held by it, though not in the 
same degree ; and that any disturbance from above affecting them 
will cause a greater change in their place and direction in the atmo- 
sphere and space above, than in the earth beneath. 

The system of lines of magnetic force around a magnet or the earth 
is related by a lateral tension of the whole, analogous in some degree 
to the lateral tension of lines of static electrical force ; both the one 
and the other being easily made manifest by experiment. The 
disturbance of the tension in one part is accompanied instantly by a 
disturbance of the tension in every other part ; for as the sum of the 
external powers of a system, undtered at its origin, is definite and 
cannot be changed ; so any alteration either of intensity or direction 
amongst the lines of force at one place, must be accompaiiied by a 
corresponding change at every other. So if a mass of soft iron on 
the east side of a magnet causes a concentration of the line^ of force 
from the magnet on that side, a corresponding expansion or opening 
out of the lines on the west side must be and is at the same time 
produced ; or if the sun, on rising in the east, renders all the oxygen 
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of the air on that side of the globe less magnetic and less able there- 
fore to favour the transition of the lines of terrestrial force there, a 
greater number of them will be determined through the western 
region ; and even though the lines of force may be doubted by some 
as having a separate existence such as that above assumed, still no 
error as to the effects on magnetic needles would in that case be 
introduced, for they by experiment would be and are the same. 

The power of a magnetic body as iron or oxygen to favour the 
transmission of lines of force through it more than other bodies not 
magnetic, may be expressed by the term conduction. Different 
bodies, as iron, nickel, oxygen, conduct in various degrees, and pot 
only that, but the same body as iron or oxygen conducts in different 
degrees at different temperatures. When space traversed by uniform 
lines of magnetic force is occupied by a uniform body as air, the 
disposition of the lines is not altered ; but if a better conducting 
substance than the air is introduced, so as to occupy part of the 
space, the lines are concentrated in it, and drawn from other parts as 
shown by P. P. in the figure, or if a w’orse conducting substance is 



introduced, the lines are opened out as at D. D. In both cases the 
lines of force are inflected, and a small magnetic needle standing in 
them at the inflected part would have its direction changed accordingly. 
Experimental illustrations of these changes in direction are given 
in Mr. Faraday’s paper in the Philosophical Transactions for 1851, 
Part I. Par. 2843, &c. 

Now this by the hypothesis is assumed to take place in the atmo- 
sphere. Supposing it all at mean temperature, the lines of force 
would have the direction determined by the arrangement of the 
power within the earth. Then the sun's presence in the east would 
make all the atmosphere in that region a worse conductor, and cause 
it to assume the character of D ; and as the sun came up to and 
passed over the meridian and away to the west, the atmosphere 
under his influence would bring up changes in direction like those 
shown in either D or D ; it would therefore manifestly set a needle 
in a given latitude in opposite directions as it passed by ; and as 
evidently set two needles in north and south latitudes in opposite 
directions at the same moment of time. As the night came on and 
a temperature lower than the mean came up from the east and 
passed over, the lines of force would be inflected as in P or P., and 
a reverse variation of the needle to that which occurred before 
would now take place. 


HS— Vol 1 B* 
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That natural ejQTects of variation must be produced consequent 
upon the magnetic nature of oxygen and its daily variations of tem- 
perature is manifest ; but whether they cause the observed variations, 
or are competent to do so, is a question that can only be decided 
after very careful enquiry. Observations are now made on the 
surface of the earth with extreme care in many places, and these are 
collated, and the average or mean result, as to direction and intensity 
of the earth’s force, ascertained for every hour and season ; and also 
many remarkable, anomalous, and extra results evolved. A theory of 
the causes of any or all of these variations may be examined first by 
the direction which the varying needle does or ought to assume, and 
then by the amount of the variation. The hypothesis now brought 
forward has been compared with the mean daily variation for all the 
months in the year at north and south stations, as Toronto and 
Hobarton, and at many others near to and far from the Equator, 
and agrees in direction with the results observed far beyond what 
the author anticipated. Thus the paths described by the upper ends 
of free needles in the north and south hemispheres should be closed 
curves, with the motion in opposite and certain directions, and so they 
are:-— the curves described by needles in north or south latitudes 
should be larger in summer and smaller in winter, and so they are : — 
a night or cold action should grow up in the winter months, and such 
is the case the northern hemisphere ought to have a certain pre- 
dominance over the southern, because of its superior temperature, 
and that is so the disposition of land and water ought to have an 
influence, and there is one in the right direction : — so that in the 
first statement and .examination of the hypothesis it appears to be 
remarkably supported by the facts. All these coincidences are 
particularly examined into and stated in the Philosophical transactions 
already referred to. The next step will be to ascertain what is the 
amount of change in the conducting power of the air for given 
changes of temperature, and then to apply that in the endeavour to 
ascertain whether the amount of change to be expected is (as well 
as the direction) accordant with that which really occurs. 

M. F. 



Friday, May 9. 

The Duke of Northumberland, President, 
in the Chair. 

The Rev. Baden Powell, M.A. F.R.S. F.R.A.S. F.G.S. 

BAVILLIAN PROFBBBOR of OBOMBTRT in THX UNlVRRBlTr OF OXFORD. 

On the Recent Experiment showing the Rotation of the Earth by means 
of the Pendulum, 


The experiment alluded to has been the subject of so much popular 
notice at the present time that it would be needless to go into a 
particular description of its nature or object. If fully verified, the 
result would however hardly amount to any more palpable proof to 
ths than other astronomical pheimmena afford ; in this case, 

as well as in those, the conclusion is equally derived from reasoning 
on the actual appearances. 

An idea of such an effect seems to have occurred long ago, 
and is mentioned in a paper in the Phil. Trans. 1742, No. 468, by 
the Marquis de Poll, in the course of some observations on the 
pendulum of a different kind. He remarks, “ I then considered 
(adopting the hypothesis of the Eai th’s motion) that in one oscilla- 
tion of the pendulum there would not be described from its centre 
perfectly one and tlic same arc in the same plane — but he does 
not pursue the subject, as being foreign to his immediate object. 

It appears also (see Comptes Rendus, 1851, No. 6) that in 1837 
Poisson had hinted at such an effect, but supposed it of insensible 
amount. 

To some minds difficulties present themselves in the first instance, 
which are easily removed by a few simple illustraticns. In the first 
place the deviation from parallelism to itself, of the meridian of any 
place, during the rotation of the Earth, is a simple geometrical question 
easily determined, and the inclination expressed by a trigonometrical 
formula. In the next place the independence of the motion of the 
pendulum, notwithstanding that die point of support is carried along 
with the earth in its rotation, and that the whole seems to form a 
part of the earth, is a point easily elucidated by very simple experi- 
ments, in which the vibration of a small pendulum is seen to continue 
parallel to itself notwithstanding a motion given to the point of 
support ; the effect being in fact only a simple consequence of the 
coexistence of two motions communicated to a body at the same 
time. A beautiful apparatus, lent by Mr Bishop for showing this, was 
exhibited on the present occasion. 
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The experiment originally made by M. Foucault was repeated and 
confirmed under the inspection of M. Arago, and other eminent 
scientific men with all due precautions in Paris, as also at Ghent, 
Brussels, and elsewhere. In England besides the public repetitions 
at the Russell, London, and Polytechnic Institutions, by Dr. Roget, 
Mr. Bishop, and Mr, Bass, the experiment has been tried at York 
by Professor Phillips, and at Bristol by Mr. Bunt, with careful atten- 
tion to all the circumstances likely to ensure the avoidance of sources 
of error, and to secure precise results. At the Royal Institution 
on the present occasion the experiment was exhibited under two 
modifications by Dr. Bence Jones and by Mr. Baas. Other observers 
have also repeated it in various places, especially at Dublin, where 
Messrs. Haughton and Galbraith, Fellows of Trinity College, have 
pursued the research with all imaginable precautions, and have 
obtained -results somewhat different from those of other observers. 
According to nearly all the other experiments the rate of deviation 
continued uniform : according to Messrs, Haughton and Galbraith, 
it varied : and they seem to have been the only observers who have 
watched through a complete revolution, the time of which was ob- 
served to be 28h. 26m. 

The sources of probable error are numerous and not easy to be 
effectually guarded against. The most formidable, perhaps, is the 
extreme difHculty of causing the pendulum to vibrate truly in one plane, 
and to prevent its motion in a narrow ellipse. When this takes place, 
and the arc is considerable, the direction of the major axis is con- 
tinually changing, owing to a well known mechanical cause (see Her- 
schel's Outlines of Astronomy, p. 444) ; but this deviation is 
always in the same direction as that of the original motion of the 
pendulum, and consequently changes when that direction is changed. 
The true deviation .may be distinguished from this, in that it is 
always from E. to W., independently of the direction of the original 
impulse ; and the ball always passes accurately through the centre 
in every oscillation, whereas in the former case it never does. 

For great accuracy, a variety of other precautions are requisite, as 
to the perfect freedom of suspension, guarding against currents, &c. ; 
It is, however, possible that the elliptic deviation may oppose that due 
to the earth’s rotation, while the latter may manifest itself in spite of 
the former. 

It is extremely probable that many of the public repetitions may 
have been affected bythese causes of error ; yet some of those 
referred to have been made by men of so much eminence and experi- 
ence as observers, as to render it highly improbable that they should 
not have been sufficiently guarded against every source of fallacy. 
The accordance of many of the results at different places within fair 
limits of error, is also a strong argument in favour of their accuracy 
and trustworthiness. 

The rates of deviation for one hour as determined at different 
places do not seem to be more discrepant than would accord gene- 
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rally with the differences of latitude. The experiment at Paris gave 
about 11® 30', at Bristol 1 1® 42^, at Dublin rather more than 12®, at 
York about 13®. 

To apprehend the theoretical principle it is necessary to take 
into account, Ist, the simple inclination of two successive posi- 
tions of the meridian of a place to each other after any intervd of 
time : 2nd, the independence of the motion of the ball of the pendu- 
lum, of the rotation of the point of support : and, 3rdly, that the ball, 
though free in this sense, is not however wholly free, being continually 
drawn down by gravity in a direction continually changing (relatively 
to the original direction of vibration,) as the earth revolves. Hence, 
though from the second cause the ball would have a tendency always 
to preserve a motion parallel to its original motion, and thus to deviate 
regularly from the meridian, it will (from the third cause) not preserve 
this exact parallelism, but will take an intermediate direction. The 
exact determination of this direction cannot be made on any general 
considerations, but must be the result of detailed mathematical inves- 
tigation. 

Thus in general in any illustrative or analogous case, so long as 
the rtxh of vibration continues parallel to itself, the arc of vibration 
will continue parallel to itself ; but if the ajois do not continue 
parallel, the direction of the arc of vibration will deviate. This dis- 
tinction has been laid down and illustrated experimentally, by Mr, 
Wheatstone, 

The investigation as pursued by M. Binet (Comptes Rendus, 1851, 
No. 6-7,) as well as by other mathematicians, is primarily founded on 
the method long since proposed by Euler, of resolving the rotatory 
motion of one point on the earth’s surface into two, one about the 
vertical of that point, the other about an axis at right angles to it : 
of which the latter is the part etfective in determining the direction 
of gravity on the pendulum, and is proportional to the sine of the 
latitude of the point. 

M. Binet makes this general theorem the foundation of an analy- 
tical investigation, in which the conditions of the motion of the pen- 
dulum generally are expressed by certain differential equations, the 
integration of which conducts him to certain expressions, which when 
simplified by the consideration of limiting the vibration to small arcs, 
gives the azimuthal velocity uniform in the direction from E. to W, 
and in a simple proportion to the sine of the latitude : giving there- 
fore the deviation for one hour in the latitude of Paris about I l-Jp® and 
the time of a complete revolution 32** 8"*. An investigation has also 
been made independently by the Astronomer Royal, leading to very 
nearly the same result. 

Other mathematical solutions have also been proposed by Dr. 
Day of Bristol, and by Mr. J. R. Young (late Professor of Mathe- 
matics at Belfast). The latter gentleman has obtained as a conse- 
quence of his investigations one remarkable result, which he states 
thus : 
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'* The arc of the circular rim of the table subtended by the angle 
of deviation at its centre, is always (in one revolution of the earth) 
exactly equal to the difference in length of the two parallels of latitude 
described by the centre and extremity of the meridional diameter of 
the table." [See Mechanic's Mag. May 3rd & 10th, 1851.] 

The lucid and able illustrations of the subject given by Professor 
Sylvester have thrown much light on the explanation. 

Modifications of the principle have been suggested by M. Chasles, 
on the idea of the difference of rotatory velocity between any two 
points on the same meridian, which difference, insensible as it might 
seem to be for the minute length of a vibration, he shows, will in 
successive vibrations become sensible. This idea is nearly the same as 
that announced by Laplace (M^canique Celeste, vol. iv. c. 5.), who in- 
fers a deviation in the plane of a projectile fired in the direction of the 
meridian. The same idea has been discussed also by other mathe- 
maticians ; and has been further carried out by M. Poinsot who 
has suggested, that if two balls suspended by separate strings, 
hanging together in contact, and consequently both partaking in 
the velocity of rotation of that pgint of the earth, were to be sud- 
denly separated by releasing a spring placed between them, and at 
first confined by a string, they would then show the difference of 
velocity, belonging to points on the earth at that distance apart, and 
would consequently revolve round the vertical. (See Comptes Ren- 
dus, 1851, No. 14.) 

A beautiful variation of the experiment has been suggested by Mr. 
Bravais (Comptes Rendus, 1851, No. 6.) in which a perfectly circular 
motion is communicated to a pendulum (by a peculiarly ingenious 
contrivance) the time of whose revolution will be difi’eraat according 
as its direction conspires with or opposes that of the earth. 

If all torsion in the thread could be got rid of, a ball simply sus- 
pended and furnished with an index in its equator would be seen to 
rotate. But the torsion destroys the effect. This is the suggestion 
of M. Baudrimont (Comptes Rendus, 1851, No. 8.) 

But by far the most complete idea not only of the general prin- 
ciple, but of the precise law of the sine of the latitude, is obtained 
from the beautiful apparatus constructed by Mr. Wheatstone, in 
which the pendulum is replaced by the vibrations of a coiled spring, 
the axis of which can be placed in any required inclination or latitude 
with respect to a vertical semicircular frame, \yhich is made to revolve 
about its vertical radius, and the direction of the vibrations is seen to 
change in a degree proportioned to the sine of the latitude or incli- 
ation ; as for example for lat. 30 the sine = | : and consequentlv if 
the vibration be originally in the meridian, when the meridiaq has re- 
volved 180”, the deviation = 180® x | = 90® or is at right angles 
to the meridian* 

This apparatus was exhibited at the lecture. 

Upon the whole the experiment is one of high interest and import- 
ance : some discrepancies or difficulties in the different views taken of 
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the theory as well as in the observed results, seem to indicate that the 
subject, however apparently simple, has not yet been thoroughly 
worked out, — and to point to the desirableness of further repetitions 
of the experiments, if possible in vacuo, and with increased precautions, 
as well as to a revision of the dynamical and analytical processes, by 
which possibly any seeming diihculties may be cleared up. 

B. P. 



Friday, June 6. 

The Duke of Northumberland, President, 
in the Chair. 

Professor Alexander Williamson, 

UNIVERSITY COfcLKOS, bONDON. 

Suggestions for the Dynamics of Chemistry derived from the 1 heory 
of Etherification. 


The human mind is only capable of understanding complicated 
phenomena when prepared by the study of simpler ones ; and one of 
the most remarkable illustrations of this necessary order is afforded 
by the preparation of dynamical laws by the consideration of sta- 
tical facts. In statics we consider phenomena in a state of rest, 
while in dynamics we study their change ; and this distinction has 
been concisely stated by saying that the transition from the sta- 
tical to the dynamical point of view, consists in superadding the 
consideration of time to that of space. 

To represent the unknown cause of any change in phenomena, the 
word FORCE has been formed, and is generally retained until the law 
of that change has been discovered ; so that the dynamics of a 
subject may be said to constitute the explanation of the phenomena 
belonging to it. 

It unfortunately 'often occurs that names are mistaken for expla- 
nations, and people deceive themselves with the belief th^t, for 
instance, in attributing chemical decompositions to affinity, attrac 
tion, contact- force, catalysis, &c„ they explain them. 

But owing to the necessary dependence of investigations on our 
mental operations, there is always a deficiency of facts corresponding 
to the imperfection of theory ; — that is, we only seek and see those 
facts which are more or less connected with our theoretical notions, 
and in most cases shut our eyes to such cases as appear contrary to 
them. This is peculiarly the case with chemical theory and chemical 
facts at the predent day ; for our atomic theory represents only cer- 
tain simple and definite proportions of combination, and our re- 
searches have been fruitful in the investigation of such cas^ alone, 
the number of compounds of which we know nothing being, infinite, 
compared to those definite ones which we have studied. 

In fact, it is certain that if we could sufficiently disengage our 
minds from preconceived notions on the subject, we should view 
those substances, which, by more or less troublesome processes, we 
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separate out from the bodies presented to us by nature, rather as 
exceptional and artificial products, than as the most normal and 
natural. 

The lecturer submitted that the definite compounds hitherto ex- 
clusively acknowledged and studied by chemists, are in truth only 
exceptionally simple cases of combination, and that the consideration 
of chemists is only limited to them, because the atomic theory is as 
yet purely statical. The atomic theory has hitherto been tacitly con- 
nected with an unsafe and unjustifiable hypothesis, namely, that the 
atoms are in a state of rest ; the dynamics of chemistry will com- 
mence by the rejection of this supposition, and will study the degree 
and kind of motion which atoms possess, and reduce to this one fact 
the various phenomena of change, which are now attributed to occult 
forces. But although it will probably be generally used in con- 
nection with the atomic theory, the fact of motion is independent of 
any particular theory ; and however the properfies of matter may be 
conceived, it will remain true, that a change of place among the 
representatives or possessors of these properties, is constantly going 
on, which produces the phenomena of chemical combination. 

Chemical science has proved the indestructibility of matter, but it 
has yet to prove the indestructibility of motion or momentum by 
showing its transfer and dispersion among atoms. 

There are many primd facie evidences that time is necessary for 
chemical action : — but this fact, although it has been noticed, has not 
as yet entered into the explanation of phenomena. 

The one instance in which a certain regular motion of the con- 
stituents of a mixture was first proved, is the process of etherification, 
of which the anomalous character has long since attracted the atten- 
tion and study of many of the most eminent chemists, and has given 
rise to various theories which respectively represented part of the 
phenomena. 

The lecturer referred to the importance of having a correct 
standard of comparison for the various chemical groups or molecules, 
and briefly alluded to the evidence afforded by the formation of the 
intermediate ethers, that alcohol and various bodies allied to it have 
of late years been incorrectly represented comparatively to metallic 
oxides and ethers, and that the weight of alcohol which is truly 
equivalent to ether or water, is not 46 but 23. 

Having proved by a direct experiment that the formation of ether 
from alcohol is effected by substituting ethyle ( C 2 H 5 ) for ^ of the 
hydrogen of that body, the process of etherification by sulphuric acid 
was explained by a diagram, on which half the hydrogen in sulphuric 
acid was shown to change places with its analogue ethyle in alcohol ; 
and that the peculiarity of the process, *. e. its continuity, is owing 
to this change of place between hydrogen and ethyle, first taking 
place in one direction and then in the opposite ; that is, that sul- 
phuric acid becomes sulphovinic acid by taking up ethyle instead of 
an atom of hydrogen, and that it is then re- converted into sulphuric 
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acid by resuming hydrogen instead of this ethyle. the first change 
forming water, the second ether. 

By using successively two different alcohols, it was shown that the 
two steps of this decomposition can be separated and their reality 
proved. The process of etherification is thus effected by a succes- 
sion of double decompositions, each of which considered individually 
is perfectly conformable to the law of definite proportions ; but the 
alternation and continuous succession so clearly proved in them, is a 
fact unexplained by that law. A complete analogy between this 
process and the more familiar cases of chemical action is therefore 
only to be established by finding in these latter a similar atomic 
motion. 

A little reflection is suflScient to show that such a motion actually 
exists. The fact of diffusion is in reality nothing but a change 
of place between atoms, effected by the mere action of the particles 
on one another ; and there are many mechanical evidences of the 
communication of momentum from masses to atoms, and inversely. 

It seems perhaps difficult to reconcile the apparent rest of the 
constituents of a mass with the existence of a continuous atomic 
motion ; but there are many cases in which a rapid and continuous 
motion produces to our senses the appearance of a phenomenon at 
rest : thus, the rapid revolution of a white sphere produces the 
appearance of a circle at rest when seen in front, and that of an ellipse 
when viewed obliquely. 

There are of course many points of view from which the motion 
of atoms may be considered ; but it is inasmuch as it produces or 
facilitates decomposition, that the chemist has to regard it. We have 
in etherification an evidence of the tendency of atoms ^ analogous 
nature to change places continuously ; and it is natural to suppose 
that the facility of this interchange must be greater in proportion 
to the analogy between the molecules, and greatest between like 
Eftolecules, The lecturer expressed a confident hope that he would 
sooii be able to give a direct experimental evidence of this conclusion, 
and proceeded to show how the admission of it explains, without the 
supposition of occult forces, the occurrence of double decompositions 
and the action of masses. 

The exchange of analogous particles actually constitutes double 
decomposition ; and its occurrence in alternately opposite directions 
causes the two substances used to alternate with the tw'o other com- 
pounds formed by the exchange of their bases ; so that in such a mix- 
ture, four substances arc constantly to be found, the quantity of each 
substance corresponding to the average number of atoms which, in 
each moment of time, are in that state of combination. 

Now it is clear that if an equal number of atoms of a hydrogen- 
salt, and of an iron- salt, 
amount of the products 
number of those products 
the hydrogen-salt ; for. 


reacting on oimaajiUiggj^brm a certain 
of their doul^l^^^ff^^aipo^tli^^a greater 
will be forn UQubling t^i^pq^ntity of 

the facil ^Jf interchange o^'9^ with 
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hydrogen remaining the same, the atoms of the iron- salt will then 
come more frequently in contact with those of the hydrogen-compound. 
Thus, on mixing a solution of sesquichloride of iron with sulpho- 
cyanide of hydrogen, a deep red colour gave evidence of the inter- 
change of iron and hydrogen, forming sulphocyanide of iron and 
hydrochloric acid : but this exchange was not an operation effected 
once for all on the decomposing substances just coming in contact, 
but is constantly going on in the mixture ; and the quantity of the 
products of this interchange remains constant, because a similar 
double decomposition, equal in absolute number of atoms per unit of 
time, is constantly going on between these products, reproducing the 
original compounds. In evidence of this, the counterpart of the 
decomposition of sesquichloride of iron by hydrosulphocyanic acid 
was shown in the expulsion of this last acid by hydrochloric, 
proved by the gradual diminution of the red colour on adding 
hydrochloric acid. 

It is well known that caustic soda expels ammonia from its salts. 
But ammonia also expels soda : for it was shown, that a mixture of 
ammonia and hydrochlorate of soda dissolves less chloride of silver 
than the same quantity of ammonia alone ; and consequently, that a 
saturated solution of chloride of silver in aqueous ammonia is pre- 
cipitated by dissolving chloride of sodium in it. The same occurs 
with the ammonio-sulphate of copper. 

In conclusion, the lecturer referred to the question of the relative 
velocity of transfer of analogous atoms in opposite directions, which 
necessarily determines the proportion of the elements of two salts, 
contained in the form of their products of double decomposition, 
on these salts being mixed. On the mixture of equivalent pro- 
portions of a couple of salts in aqueous solution, a certain amount of 
decomposition ensues, forming two other salts, and the chemical force 
may be considered proportional to the quantity of one couple compared 
to that of the other. Now as the proportion is only kept up by the 
number of exchanges in the one direction being absolutkly the same 
in each moment of time as those in the opposite direction, it is 
clear that the relative velocity of interchange must be greatest be- 
tween the elements of that couple of which the quantity is least ; and 
chemical force must be inversely proportional to the velocity of these 
interchanges. A. W. W. 



Friday, June 13. 

The Duke of Northumberland, President, in the Chair. 

Professor Faraday, 

On Sch6nbein*s Ozone. 

The object of the speaker was to give a brief account of the present 
state of this subject ; taking at the same time notice of the ancient 
facts which belong to it, and the high hopes of progress which it 
offers for the future. Ozone is produced when the electrical brush 
passes from a moist wooden point into the atmosphere, and indee 
in almost every case of electrical discharge in the air ; or when 
water is electrolyzed, as in the case of a dilute solution of sulphuric 
acid or sulphate of zinc ; or when phosphorus acts at common 
temperatures on a moist portion of the atmosphere. For the latter 
case take a piece of clean phosphorus about half an inch long which 
has been recently scraped ; put it into a clean two- quart bottle, at a 
temperature of about GO'’ F. with as much water as will half cover 
the phosphorus ; close the mouth slightly so that if inflammation 
take place no harm may happen ; and leave it. The formation of 
Ozone will quickly occur, being indicated by the luminous condition 
of the phosphorus, and the ascent of a fountain-like column of smoke 
from it. In less than a minute the test will show Ozone in the 
air of the bottle, in five or six hours it will be comparatively 
gbundant ; and then the phosphorus being removed and the acids 
formed at the time washed out, the bottle may be closed and made 
use of when required for experiments. 

The test for Ozone is as follows : 1 part of pure iodide of 
potassium, 10 parts of starch, and 200 parts of water are to be 
boiled together for a few moments. A little of this preparation placed 
on writing paper with a brush being introduced into the Ozone 
atmosphere is rendered instantly blue from the evolution of iodine : — 
or if bibulous paper be dipped into this solution, and then dried, it 
forms Schonbein’s Ozonometric test ; for a slip being introduced dry 
into an atmosphere supposed to contain Ozone, after remaining 
there a longer or shorter time, on being removed and then moistened, 
instantly becomes more or less deeply blue if Ozone be prefent. 

Ozone when obtained by the three very different processes 
described is identical in every respect : its properties are ^ follow : 
1 . It is a gaseous body of a very peculiar odour : when conbentrated 
the odour approaches to that of chlorine ; when diluted it cannot be 
distinguished from what is called the electric smell. 2. Atmospheric 



LIBRARY OF SCIENCE 


23 


air stroDgly charged with it renders respiration difficult, causes 
unpleasant sensations, and produces catarrhal effects (by acting 
powerfully on the mucous membranes). Such air soon kills small 
animals, as mice, placed in it ; so that Ozone in its pure state must be 
highly deleterious to the animal economy. 3. It is insoluble in water. 
4. Like chlorine, bromine, and the metallic peroxides, it is a powerful 
electromotive substance. 5. It discharges vegetable colours with a 
chlorine-like energy. 6. It converts phosphorus ultimately into 
phosphoric acid ; it combines with chlorine, bromine, and iodine ; it 
does not unite with nitrogen under ordinary circumstances, but does 
when lime water is present ; and nitrate of lime is formed from which 
nitre may be readily obtained. 7. At common and even low tem- 
peratures it acts powerfully upon most metallic bodies, producing the 
highest degree of oxidation they are capable of. Lead and even 
silver is carried at once to the state of peroxides ; arsenic and 
antimony produce arsenic and stibic acids. 8. It transforms many 
of the lower oxides into peroxides ; thus, the hydrate ui the oxides of 
lead, cobalt, nickel, and manganese become in it peroxides : the basic 
oxide of silver undergoes the same change. 9. It decomposes 
rapidly 'the solid and dissolved protosalts of manganese; the hy- 
drated peroxides of the metal being formed, and the acid of the salts 
evolved. 10. It decomposes the solution of the tribasic acetate of 
lead ; the peroxide of that metal and the ordinary acetate being 
formed. 11. It rapidly converts the protosalts of iron and tin into 
persalts. 12. It destroys many hydrogenated gaseous compounds ; 
the combinations of hydrogen with sulphur, selenium, phosphorus, 
iodine, arsenic, and antimony are thus affected. It appears to unite 
chemically with olefiant gas in the manner of chlorine. 13. It in- 
stantly transforms the sulphurous and nitrous acids into the sulphuric 
and nitric acids, and the sulphites and nitrites into sulphates and 
nitrates. 14. It changes many metallic sulphurets (as those of lead 
and copper) into sulphates. 15. It decomposes many iodides in 
their solid and dissolved state. By its continued acti'^'ii iodide of 
potassium becomes converted into iodate of potassa. 16. It changes 
both the crystallized and dissolved yellow prussiate of potassa into 
the red salt, potash being evolved. 17. It produces oxidizing 
effects upon most organic compounds, causing a variety of chemical 
changes; thus guaiacum is turned blue by it. From the above 
enumeration it would appear that Ozone is a most ready and power- 
ful oxidizer, and in a great number of cases acts like Thenard’s 
peroxide of hydrogen, or chlorine or bromine. 

A number of the actions of this body, such as the bleaching of 
indigo and litmus, the peroxidation of metals, the conversion of 
sulphurets into sulphates, &c. were shown, to illustrate the chlorine- 
like action of the Ozone; and many illustrations supplied by 
M. Schonbein himself were exhibited. 

With respect to the nature of this body, the two chief 
ideas are — that it is a compound of oxygen analogous to 
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the peroxide of hydrogen, or that it is oxygen in an allotropic 
state, t. e. with the capability of immediate and ready action 
impressed upon it. When an ozonized atmosphere is made as dry 
as possible, and then sent through a red hot tube, the Ozone disap. 
pears, being converted apparently into ordinary oxygen, and no 
water or any other result is produced. This agrees with the known 
fact, that heat prevents the formation of Ozone, and also with 
the idea that Ozone is only oxygen in an allotropic state. To show 
that heat prevents the formation of Ozone a little voltaic battery 
was associated with a fine platina wire helix, insulated, and connected 
with the electrical machine ; at first the circuit between the battery 
and the helix was left incomplete; and then on working the 
machine the brush thrown off from the helix affected the test 
paper, before described, by the Ozone in it; but when the con- 
nexion was complete, so that the helix was ignited, then the 
electrical brush from it had no power of producing any effect of 
Ozone. 

The speaker described the presence of Ozone in the atmosphere, 
the mode of testing its presence, and the probable effects it produced 
there. He referred to Schonbein's recent experiments on the insu- 
lation of the oxygen of the air and the peculiar effects produced by 
this action. He showed by experiments the more recent results of 
the association of oxygen by light with oil of turpentine and other 
bodies ; and the production of bleaching compounds vying with 
the hypochlorite of lime in energy. He made it manifest by experi- 
ment, that when ether vapour is mixed with air, and a hot platina 
wire or glass rod introduced, the ether in becoming partially 
oxidized to produce acid, also produces Ozone, the relhlts bleaching 
indigo powerfully ; and he stated that sulphurous acid, ether, tartaric 
acid, and many .other substances which being first mixed with 
edr or oxygen were then exposed to sunlight, exerted bleaching 
powers often of a very high degree. The evening concluded with 
the expression of certain theoretical expectations, or rather possibili- 
ties, which were put forth as indicating the probable fertility and 
importance of the subject, and fitted to excite such philosophers as 
w^ere engaged in the consideration of the physical qualities of the 
particles of matter to examine how far the phenomena of Ozone 
might be carried onward in the illustration and extension of their 
researches. 



Friday, January 23. 

Sir John P. Boi^kau, Bart., F.R.S, V.P. in the Chair. 

Professor Faraday, 

On the Lines of Magnetic Force, 

That beautiful system of power which -is made manifest in the 
magnet, and which appears to be chiefly developed in the two 
extr(fii3ltics, thence called ordinarily the magnetic poles, is usually 
rendered evident to us in the case of a particular magnet by the 
attractive or repulsive eflfect of these parts on the corresponding 
parts of another magnet; and these actions have been employed, 
both to indicate the direction in which the magnetic force is 
exerted and also the amount of the force at diflferent distances. 
Thus, if the attraction be referred to, it may be observed either 
upon another magnet or upon a piece of soft iron; and the law 
which results, for effects beyond a certain distance, is, that the 
force is inversely as the square of the distance. When the dis- 
tances of the acting bodies from each other is small, then this 
law does not hold, either for the surface of the magnets or for 
any given point within them. 

Mr. Faraday proposes to employ a new method, founded upon 
a property of the magnetic forces diflPerent from that producing 
attraction or repulsion, for the purpose of ascertaining the direction, 
intensity, and amount of these forces, not to the displacement of 
the former method but to be used in conjunction with it ; and he 
thinks it may be highly influential in the further development of 
the nature of this power, inasmuch as the principle of action, 
though diflferent, is not less magnetic than attraction and repulsion, 
not less strict, and the results not less definite. 

The term line of magnetic force is intended to express simply 
the direction of the force in any given place, and not any phy- 
sical idea or notion of the manner in which the force may be 
there exerted; as by actions at a distance, or pulsations, or 
waves, or a current, or what not. A line of magnetic force may 
be defined to be that line which is described by a very small 
magnetic needle, wh(in it is so moved in either direction corre- 
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spondent to its length, that the needle is constantly a tangent to 
the line of motion ; or, it is that line along which, if a transverse 
wire be moved in either direction, there is no tendency to the 
formation of an electric current in the wire, whilst if moved in 
any other direction there is such a tendency. The direction of 
these lines about and between ordinary magnets is easily repre- 
sented in a general manner by the well known use of iron filings. 

The method of recognizing and taking account of these lines of 
force which is proposed, and was illustrated by experiments during 
the evening, is to collect and measure the electricity set into 
motion in the moving transverse wire ; a process entirely different 
in its nature and action to that founded on the use of a magnetic 
needle. That it may be advantageously employed, excellent con- 
ductors are required; and therefore those proceeding from the 
moving wire to the galvanometer were of copper 0.2 of an inch 
in thickness, and as short as was convenient. The galvanometer, 
also, instead of including mafiy hundred convolutions of a long 
fine wire, consisted only of about 48 or 50 inches of such wire 
as that described above, disposed in two double coils about the 
astatic needle : and that used in the careful research contained 
only 20 inches in length of a copper bar 0.2 of an inch square. 
These galvanometers shewed effects 30, 40, or 50 times greater 
than those constructed with fine wire ; so abundant is the quantity 
of electricity produced by the intersections of the lines of magnetic 
force, though so low in intensity. 

The lines of force already described wiU, if observed by iron filings 
or a magnetic needle or otherwise, be found to start off from one 
end of a bar magnet, and after describing curves of different magni- 
tudes through the surrounding space, to return to and set on at the 
other end of the magnet ; and these forces being regular, it is evident 
that if a ring, a fittle larger than the magnet, be carried from a 
distance towards the magnet and over one end until it has arrived at 
the equatorial part, it will have intersected once all the external lines 
of force of that magnet. Such rings were soldered on to fitly shaped 
conductors connected with the galvanometer, and the deflections of 
the needle observed for one, two, or more such motions or intersec- 
tions of the lines of force ; it was stated that when every precaution 
was taken, and the results at the galvanometer carefully observed, 
the effect there was sensibly proportionate for small or moderate arcs 
to the number of times the loop or ring had passed over the pole. 
In this way, not only could the definite actions of the intersecting 
wire be observed and established, but also one magnet could be 
compared to another, wires of different thickness and of different 
substances could be compared, and also the sections described by 
the wire in its journey could be varied. When the wire was the 
same in length, <liameter, and substance, no matter what its course 
was across the lines of force, whether direct tir oblique, near to or far 
from the poles of the magnet, the result was the same. 
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A compound bar magnet was so fitted up that it could revolve on 
its axis, and a broad circular copper ring was fixed on it at the middle 
distance or equator, so as to give a cylindrical exterior at that place. 
A copper wire being made fast to this ring within, then proceeded to 
the middle of the magnet, and afterwards along its axis and out at 
one end. A second wire, touched, by a spring contact, the outside of 
the copper ring, and was then continued outwards six inches, after 
which it rose and finally turned over the upper pole towards the first 
wire, and was attached to a cylinder insulated from but moving round 
it. This cylinder and the wire passing through it were con- 
nected with the galvanometer, so that the circuit was complete ; but 
that circuit had its course down the middle of the magnet, then 
outwards at the equator and back again .on the outside, and whilst 
always perfect, allowed the magnet to be rotated without the external 
part of the circuit, or the latter without the magnet, or both together. 
When the magnet and external wire were revolved together, as one 
arrangement fixed in its parts, there was no effect at the galvan- 
ometer, however long the rotation was continued. "When the magnet 
with the internal wire made four revolutions, as the hand of a watch, 
the conductor being still, the galvanometer needle was deflected 
35*^ or 40® in one direction ; when the magnet was still, and the outer 
wire made four revolutions as the hands of a watch, the galvan- 
ometer needle was deflected as much as before in the contrary direc- 
tion : and in the more careful experiments the amount of deflection 
for four revolutions was precisely the same, whatever the course of 
the external wire, either close to or far from the pole of the magnet. 
Thus it was shewn, that when the magnet and the wire revolved in 
the same direction, contrary currents of electricity, exactly equal to 
each other, tended to be produced ; that those outside resulted from 
the intersection by the outer wire of the lines of magnetic force 
external to the magnet j that wherever this intersection was made 
the result was the same ; and that there were corresponding lines 
of force within the magnet, exactly equal in force or amount to those 
without, but in the contrary direction. That in fact every line of 
magnetic force is a closed curve, which in some part of its course, 
passes through the magnet to which it belongs. 

Jn the foregoing cases the lines of force, belonging as they 
did to small systems, rapidly varied in intensity according to then- 
distance from the magnet, by what may be called their divergence. 
The earth, on the contrary, presents us, within the limits of one 
action at any one time, a field of equal force. The dipping needle 
indicates the direction or polarity of this force ; and if we work in 
a plane perpendicular to the dip, then the number or amount of 
the lines of force experimented with will be in proportion to the 
area which our apparatus may include. Wires were therefore 
formed into parallelograms, inclosing areas of various extent, as 
one square foot, or nine square feet, or any other proportion, and 
being fixed upon axes equidistant from two of the sides could 
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have these axes adjasted perpendicular to the line of dip and then 
be revolved. A commutator was employed and associated* both 
with the galvanometer and the parallelograms, so that the upper 
part of the revolving wire always sent the current induced in it 
in the same direction. Here it was found that rotation in one 
direction gave one electric current; that rotation in the reverse 
direction gave the contrary current ; that the edect at the gal- 
vanometer was proportionate to the number of rotations with the 
same rectangle ; that with different sized rectangles of the same wire 
the effect was proportionate to the area of the rectangle, i, e. the num- 
ber of cigrves intersected, &c. &c. The vicinity of other magnets 
to this magnet made no difference in the effect provided they 
were not moved during the experiments ; and in this manner the 
non-interference of such magnets with that under investigation was 
fuUy established. 

All these and other results are more fully stated and proved in 
papers now before the Royal Society. The general conclusions are, 
that the magnetic lines of force may be easily recognized and taken 
account of by the moving wire, both as to direction and intensity, 
within metals, iron or magnets, as well as in the space around ; and 
that the wire sums up the action of many lines in one result : That 
the lines of force well represent the nature, condition, direction, and 
amount of the magnetic forces : That the effect is directly as the 
number of lines of force intersected, whether the intersection be 
direct or oblique : That in a field of equal force, it is directly as the 
velocity ; or as the length of the moving wire ; or as the mass of 
the wire : That the external power of an unchangeable magnet is 
definite yet illimitable in extent ; and that any section oLall the lines 
of force is equal to any other section : That the lines of force within 
the magnet are equed to those without: and that they are con- 
tinuous with those Vithout, the lines of force being closed curves. 

[M.F.] 



Friday, February 13. 

The Duke of Northumberland, F.R.S., President, 
in the Chair. 

W. R. Grove, Esq., M.A., F.R.S., 

On the Heating Effects of Electricity and Magnetism. 

In the early periods of philosophy when any unusual phenomenon 
attracted the attention of thinking men it was frequently referred to 
a preternatural or spiritual cause ; thus with regard to the subject 
about to be discussed, when the attraction of light substances by 
rubbed amber was first observed, Thales referred it to a soul or 
spiritual power possessed by the amber. 

Passing to the period antecedent to the time of more strict 
indudive philosophy, viz. the period of the Alchemists, we find many 
natural phenomena referred to spiritual causes. Paracelsus taught 
that the Archseus or stomach demon presided over, caused, and 
regulated the functions of digestion, assimilation, &c. 

Van Helmont, who may be considered in many respects the turning 
point between Alchemy and true chemistry, adopted with some 
modification the Archgeus of Paracelsus and many of the opinions of 
the Spiritualists, but shewed tendencies of a more correctly inductive 
character ; the term ‘ Gas * which he introduced, gives evidence of 
the thought involved in it by its derivation from ' Geist * a ghost or 
spirit. By regarding it as intermediate between spirit and matter, by 
separating it from common air and by distinguishing or classifying 
diflferent sorts of gas he paved the way for a more accurate chemical 
system. 

Shortly after the time of Van Helmont lived Torricelli, who by 
his discovery of the weight of air was mainly instrumental in 
changing the character of thought and inducing philosophers to 
introduce, or at all events to develope the notion of fluids, as agents 
which eflfected the more mysterious phenomena of nature, such as 
light, heat, electricity, and magnetism. 

Air being proved analogous in many of its characters to fluids as 
previously known, the idea of fluids or of an ether was carried on to 
other unknown agencies appearing to present effects remotely 
analogous to air or gases. 

Sound was included by some in the same category with the other 
aflfections of matter, and as late as the close of the last century a 
paper was written by Lamarck to prove that sound was propagated 
by the undulations of an ether. Sound is now admitted to be an 
undulation or motion of ordinary matter, and Mr. Grove considered 
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that what have been called the imponderables, or imponderable 
fluids, might be actions of a similar character, and might be viewed 
as motions of ordinary matter. 

Heat was at an early period so viewed, and we find traces of this 
in the writings of iiOrd Bacon. Rumford and Davy gave the 
doctrine a greater development, and Mr. Grove in a communication 
made by him at an Evening Meeting of this Institution in 1847, 
shewed that what had hitherto been deemed stumblingblocks in the 
way of this theory of heat, viz. the phenomena presented by what 
have been called latent; and specific heat, might be more simply 
explained by the dynamic theory. 

In this evening’s communication he brought forward some experi- 
ments and considerations in favour of the extension of this view to 
electricity and magnetism, an extension which he had for many 
years advocated, and which was, in his opinion, supported by many 
analogies. 

The ordinary attractions and repulsions of electrified bodies 
present no more difficulties when regarded as being produced by a 
change in the state or relations of the matter affected, than did the 
attraction of the earth by the sun, or of a leaden ball by the earth ; 
the hypothesis of a fluid is not considered necessary for the latter, 
and need not be so for the former class of phenomena. 

In the cases of heating or ignition of a conjunctive wire or con- 
ducting body through which what is called Electricity is transmitted, 
we have many evidences that the matter itself is affected, and in some 
cases temporarily, in others, permanently changed ; thus if a wire of 
lead is ignited to fusion by the voltaic battery, the fused lead being 
kept in a channel to prevent its dispersion, it graduaUy shortens, 
and the molecules seem impressed with a force acting transversely 
to the line of direction of the electricity ; at length the lead gathers 
up in nodules whidh press on each other as do, to use a familiar 
illustration, a string of figs. 

With Magnetism we have many instances of the molecular change 
which a ferreous or magnetic substance undergoes when magnetized. 
If the particles are free to move, as for instance iron filings, they 
arrange themselves symmetrically. An objection may be made 
arising from the peculiar form of the iron filings, but Mr. Grove in 
the year 1845, shewed that the supernatant liquid in which magnetic 
oxide had been formed, amd which contains magnetic particles not 
mechanically but chemically divided, exhibits when magnetized a 
change in the arrangement of the molecules, as may be seen by its 
effect on transmitted light •, — a molecular change is also etidenced 
by the note or sound produced by magnetism, and by other effects. 

Assuming that the molecules of iron change their position inter se 
upon magneti^tioD, then by repeated magnetization in opposite 
directions, something analogous to friction might be produced ; and 
just as apiece of caoutchouc when elongated produces heat, (as it was 
on this occasion experimentally shewn to do) so a bar of soft iron 
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might be expected when subjected to rapid changes in its magnetic 
state, to exhibit thermic effects. 

With the aid of the large magnet of the Institution and of a 
commutator for changing the direction of the Electricity a bar of 
soft iron was alternately magnetized in opposite directions ; and in a 
few minutes a thermometer placed in an aperture in the iron shewed 
a rise of temperature of 1.5° Fahrenheit; the bar being separated 
from the magnet hy flannel, and the magnet being at a notably lower 
temperature than the bar, this heat could in nowise be attributed to 
conduction. 

The effect of Electricity in the disruptive discharge as in the Voltaic 
arc and the electric spark, would seem at first sight to offer greater 
difficulties of explanation on the dynamic theory. The brilliant 
phenomenal effects of the electric discharge, and the apparent absence 
of change in the matter affected by it, would at first lead the observer 
to believe that Electricity was a specific entity. 

With ordinary flame or the apparent effects of combustion however, 
the idea has to a great extent been abandoned that such visual 
effects are due to speciBc matter, and it is regarded by many as an 
intijiise' motion of the particles of the burning body. So with 
Electricity, if in regard to the disruptive discharge it can be shewn 
that the matter of the terminals or of the intervening medium is 
changed, the necessity for the assumption of a fluid or ether ceases, 
and, to say the least, a possibility of viewing Electricity as a motion 
or affection of ordinary matter is opened. 

To make evident to the audience the relation of the electrical dis- 
charge to combustion and the fact that the terminals were themselves 
affected, the Voltaic arc was taken, first between silver and then 
between iron terminals ; in the first case a brilliant green coloured 
flame was produced, and in the second a reddish scintillation or spur 
fire effect, just as in the ordinary combustion of the metals. 

So with the discharge of Franklinic Electricity between the same 
two metals, a strip of silvered leather gave the bright green discharge, 
while a chain of iron gave the spur fire effect. 

The known transport of particles of the terminals from one pole to 
the other, — the different effects of different intervening media on 
induction as shewn in Faraday's experiments, — the polar tension of 
such media, &c. were instances of the train of moleeular changes 
consequent upon electrical action. 

Hitherto the polarity of the gaseous medium existing between the 
metallic or conducting terminals of the electrical circuit was only 
known as a physical polarity and not shewn to have an analogous 
chemical character with that existing in electrolytes anterior to elec- 
trolysis ; but Mr. Grove stated that in a recent communication to 
the Royal Society he had shewn that mixtures of gases having oppo- 
site electrical or chemical relations, such as oxygen and hydrogen, or 
compound gases such as carbonic oxide, were electro-chemically 
polarized or had their electro- negative and electro-positive elements 
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thrown in opposite directions : thus if a silvered plate be made 
positive in such gases it is oxidized, if negative the dark spot of 
oxide is reduced ; and an experiment was shewn in which such a plate 
was thus oxidized and the spot reduced in gaseous media. 

Here, as in the other experiments, was an effect on the terminals 
and an effect of polarization of the intermedium. In the experi- 
ments hitherto shewn, solid terminals were used ; it became important 
to examine what would be the effect of liquid terminals, for instance 
water ; the spark or disruptive discharge of Franklinic Electricity 
was readily obtained from its surface, but hitherto no voltaic 
battery had been found to shew a discharge at any sensible distance 
from the surface of water. 

Mr. Gassiot had procured to be constructed 500 cells of the 
nitric acid battery, the combination discovered in 1839 by Mr. 
Grove and first shewn at this Institution in the year 1840. The 
cells of this battery were all well insulated by glass stems, and as 
regards intensity of action it was probably far the most powerful 
ever seen. Mr. Gassiot had kindly lent this apparatus for the 
illustration of this evening’s discourse, and by its aid Mr. Grove 
was able to shew an experiment which he had first made when 
experimenting with Mr. Gassiot some time ago, and which produced 
the effect he had long sought for, viz. a quantitative or voltaic dis- 
charge at a sensible distance from the surface of water. The 
experiment was made as follows : — a platinum plate forming the 
anode of the battery was immersed in a capsule of distilled water, 
the temperature of which was raised. A cathode or negative 
terminal of platinum . wire was now made to touch fur a moment 
the surface of the water and immediately withdrawn to a distance 
of about quarter of an inch ; the discharge took place, the extremity 
of the platinum wire was fused and the molten platinum attached 
to the wire but kept up by the peculiar repulsive effect of the 
discharge was exhibited, as it were, suspended in mid-air, giving an 
intense light, throwing off scintillations in directions away from the 
water and only detaching itself from the wire when agitated. 

Here water in the vaporous state must be transferred, for the 
immersed electrode gave off gas, without doubt oxygen, and the 
molecular action on the negative fused platinum resembled, if it 
were not identical in character with the currents observed on the 
surface of mercury when made negative in an electrolyte. 

It may be objected to the theory proposed, that electrical effects 
are obtained in what is called a vacuum, where there is no inter- 
medium to be polarized ; but this objection, though not applicable 
to the projection of the terminals, could hardly be discussed until 
experimentalists had gone much further than at present in the 
production of a vacuum ; the experiments of Davy and others had 
shewn that we are far off from obtaining any thing like a vacuum 
where delicate investigations are concerned. 

The view of the antient philosophers that Nature abhors a 
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vacuum which had been much cavilled at, and was supposed to be 
exploded by the discovery of Torricelli, Mr, Grove thought had 
been unjustly censured : giving the expression some degree of meta- 
phorical license, it afforded a fine evidence of the extent and accuracy 
of observation of those who were unacquainted with inductive 
philosophy as a system, but who necessarily pursued it in practice. 
Whether a vacuum was possible might be an open question, experi- 
mentally it was unknown. 

Lastly, in answer to those who might ask, to what practical 
results do researches such as these lead ? what accession of physical 
comfort or luxury do they bring ? Mr. Grove took occasion to offer 
his humble protest against opinions now perhaps too generally 
prevalent, that science was to be viewed only or mainly in its utili- 
tarian or practical bearings. Even regarding it in this aspect, were 
it not for the devotion which the love of knowledge, which the 
yearning anxiety to penetrate into the mysteries of our being and 
of surrounding existences induced ; the practical results of science 
would not have been attained ; the band of Martyrs to Science 
from Socrates to Galileo would not have thought and suffered 
withwit a higher incentive than the acquisition of utilitarian 
results : without disparaging these results, indeed regarding them 
as necessary consequences of any advance in scientific knowledge, 
he considered that the love of truth and knowledge for themselves 
was the great animating principle of those who rightly pursued 
science ; that, based upon an enduring quality of our common nature, 
this feeling was rooted in far firmer foundations, that it led to 
greater and more self sacrificing exertions, than any capable of being 
induced by the hopes of augmenting social acquisitions, and was 
an attribute and an evidence of the uon-triuibient part of our being. 

[W. 11. G.] 
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On three important Chemical Discoveries from the Exhibition of 
1851— A. Mercer's Contraction of Cotton by Alkalies; — B. 
Young^s Paraffine and Mineral Oil from Coal; — C. Schrbtter's 
Amorphous Phosphorus, 

[The following statements and arguments were supplied by Dr. Lyon 
Playfair as embodying considerations which he desired to impress on the 
attention of the Members of the Royal Institution.] 

It is incumbent on those who, like myself, have been connected with 
the Great Exhibition, to inculcate its teachings in order that it may 
influence the future, by being a starting point for industry. Unless 
it imparts new life to productive industiy, it has failed in the attain- 
ment of its object, and will, in history, degenerate into the record of 
a gigantic show, fitted only to pander to an idle curiosity. All of us 
have, no doubt, examined it with a higher object, amd have derived 
lessons varying in character and amount according to the opportunities 
which we enjoyed in their acquisition. Those who have attended to 
its teachings with regard to the comparative progress of manufactures 
in diflferent countries, owe it as a public duty to announce their con- 
victions on a subject of such large social importance. 

My official connection with the Exhibition has enabled me to give 
more attention to it than most of those whom I have the honour to 
address, and convictions unfavourable to our position, as an industrial 
nation, have impressed themselves with such force upon iny mind, 
that you will not be surprised that I seize every opportunity of 
directing public attention to them. I have already done so in a 
formal manner, on two previous occasions, and I rather depart from 
the custom of bringing before you subjects of original research at 
these evening meetings, in order that I may advocate tfie necossity 
of a more intimate union between science and practice in this 
country, at , m Institution, whose proudest boast it is to have largely 
advanced tne discovery of abstract truths, while it has always 
encouraged, at the same time, their applications to the increase of 
human resources and enjoyments. 

In this lecture, however, I shall rather urge this point as a natural 
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cpnseqaence of the subjects chosen for illustration of my arg^oment 
than by any doctrinal exhortations, because these are not needed 
to strengthen your general convictions. 

Our nation has acquired a proud position among the industrial 
states of the world, partly by the discoveries of her philosophers, 
partly by the practical powers and common sense of her population, 
but chiefly by the abundance and richness of her natural resources. 
Our fuel is abundant and cheap, and our iron and the lime necessary 
for its production are associated with it, so that all three may be 
extracted together under the most favourable circumstances. T^ese 
local advantages gave to our country enormous powers of production, 
and. under the favouring influences of an accidental combination, it 
supplied its produce to the rest of the world. Circumstances 
remaining the same, our industrial position was secured, and we have 
been thus lulled into a fatal apathy ; for conditions were in fact 
varying with great rapidity, and the world at large was passing 
through a state of remarkable transition. 

Setting aside the questions of capital and labour, which are not 
adapted for discussion in this place, the progress of manufactures is 
made up of two factors, possessing very different values. One of 
thesti repiesents the raw produce, — the other, the intellect or science 
employed to adapt it to human wants. As civilization advances, the 
value of the raw material as an element of manufactures diminishes, 
while that of the intellectual element is much enhanced. Improve- 
ments in locomotion by sea and land spread over the world the raw 
material formerly conflned to one locality ; and a time arrived when 
a competition of industry became a competition, not of local 
advantages, but of intellect. 

It was obvious that when improved locomotion gave to all 
countries raw material at slight differences of cost, that any superiority 
in the intellectual element would more than balance the difference. 
'JTie Continental States, acting on a perception of this truth, saw 
that they could only compete with English industry by instructing 
their populations in the principles of science. Hence have arisen, 
in their capitals, in their towns, and even in their villages, institu- 
tions for affording a systematic training in science ; and industry has 
been raised from the rank of an empirical art to' that of a learned 
profession. The result is seen in the fact that we now meet most 
European nations as competitors in all the markets of the world. 
The result is palpably forced upon us by our actual displacement 
from markets in which we had a practical monopoly. The result 
was obvious in the Exhibition, where we saw many nations, formerly 
unknown as producers, frequently approaching, and often excelling 
us in manufactures, our own by hereditary and traditional right. 

The teaching of the Exhibition was to impress me with the 
strongest conviction that England, by relying too much on her local 
advantages, was rapidly losing her foriiicr proud position among 
manufacturing nations ; and that unless she speedily adopted mea- 
sures to cultivate the intellectual element of production, by instruct- 
ing her population in the scientific principles of the arts which they 
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profess, she must inevitably and with rapidity lose those sources 
of power, which, in spite of the smallness of her home territory, 
have given to her so exalted a rank among nations. 

With these convictions you will not be surprised that I have 
chosen subjects connected with the Exhibition, although 1 have no 
merit or part whatever in their discovery. I have selected them for 
the following reasons. 

We have a great reliance on the practical sagacity or common 
sense of our population, — certainly superior to that of any part of 
Europe : but we have not strengthened it by communicating scien- 
tific knowledge to those who are entrusted with the exercise of this 
practical power; and, hence, this common sense, unaided by the 
rules of science, has gradually assumed a sway over our manufac- 
tures, In other words, conjectural judgments have usurped the 
place of systematic knowledge. Practice and science have been 
followed out separately, as having no immediate connection. This 
separation, and even practical antagonism, has been fatal to our pro- 
gress in industry ; for manufacturers, as a body, have ceased to per- 
ceive that abstract science forms the roots of the tree of industry, 
and that to separate them is to sever the tree from its roots. In 
order to restore vigour to our declining industry, it is essential that 
confidence in the powers of science should be imparted to practice, 
and that the latter should be taught that it is, even as a question of 
social policy, highly important to encourage discoveries in abstract 
truths, however apparently remote from practice ; because science 
only benefits industry by its overflowings, arising from the very 
fulness of its measure. 

Every abstract truth, in its due time, adds to human resources 
and enjoyments, and it is this text that I wish to inculcate from 
examples derived^from the Exhibition. One of the last generaliza- 
tions of the great Berzelius, was that of allotropis7n, a name only 
eleven years old, and fully explained by him only six years since ; 
and yet this generalization, apparently, at the time, only of abstract 
interest, entirely remote from practical application, produced as fruit 
the three most original, and, I think, the most important, practical 
discoveries of the Exhibition. 

Having thus introduced the subject of his Lecture, Dr. Playfair 
proceeded to offer certain examples of allotropism. It had long 
been known that bodies crystallized in two or more incompatible 
forms. Thus, carbonate lime as arragonite crystallizes in prisms ; 
whereas as calcareous spar it crystallizes in rhombs. Sulphur also 
crystallizes in two incompatible forms ; so does the garnet, This is 
termed dimo^hism. When two such forms exist they lire found 
to be maintimed in unequal stability; it appears, in fact, as if one 
form was normal, and the other forced or strained. Thiis a prism 
of arragonite is subject to change into rhombs of calc Spar; and 
sulphur crystallized by heat in oblique rhombic prisms passes in a 
few days into a mass of rhombic octohedrons. Not only may the 
chemical and physical characteristics of such dimorphous bodies 
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differ, but their colour and their specific gravity. Thus, the sulphuret 
of iron (Fe. Sg), when crystallized in cubes, is persistent in the 
air ; but when occurring in a rhombic form, readily passes into cop- 
peras or sulphate of iron. 

Applying the preceding remarks to non-crystallized bodies, it was 
equally found that many were susceptible of allotropic modification. 
Thus cinnabar and vermilion were of precisely similar chemical 
composition with the black sulphuret of mercury. Again, the sesqui- 
sulphuret of antimony might be black or orange. Iodide of mercury 
is commonly red ; when heated, however, it passes into a yellow 
powder, which by simple pressure and rubbing with a hard body 
becomes red again. Sugar is a remarkable instance of a solid 
capable of assuming two allotropic states ; as sugar candy it is crys- 
tallized, as barley sugar it is amorphous ; yet the composition of 
sugar in either case is the same. Nor are liquids exempt from the 
strange state of allotropism, — sometimes indeed manifesting a 
condition even beyond allotropism {isomerism) y and not allowing us 
to reconvert them to their primitive state. Thus the chemical com- 
position of oil of turpentine, of rosemary, of lemons, of copaiba, are 
identic&L vpt no one of these bodies has hitherto been turned into 
the other. The steroptane of otto of roses is identical in compo- 
sition with coal gas, yet chemists are unable to change one into the 
other. The term isomerism has been commonly employed in rela- 
tion to bodies of like atomic composition, and has reference to 
equality of parts. The term allotropism is a better denomination, 
and has reference to the condition of unlike properties. 

The preceding remarks by Dr. Playfair were introductory to an 
exposition of the respective discoveries of Mr. Mercer, Mr. Young, 
and Dr. Schrottcr. 

A. — Mercer's process consists in bringing cotton fabrics in contact 
with a solution of .soda (cold), or a solution of dilute suiphuric acid, 
by jBubjecting it to either of which processes cotton acquires certain 
remarkable properties. In the first place, the texture becomes very 
much corrugated, and hence proportionably finer ; it also assumes 
acid properties, rendering it more capable of taking up dyes. The 
process of induction which led Mr. Mercer to his final discovery was 
curious. He started from the point of investigating the laws which 
determined the flow of water at various temperatures through minute 
tubes. From water he proceeded to aqueous saline solutions ; from 
tubes he proceeded to their equivalent, namely, closely-folded woven 
tissue. Selecting for this purpose a thick reduplication of calico, 
fold on fold, and employing an aqueous solution of soda, Mr. Mercer 
found that, by passing the solution through the calico, soda was 
removed. This removal he attributed to the act of filtration ; but, 
subsequently finding that mere immers;.>n of the calico in the same 
solution efiected a like result, he concluded that the result was due 
to an actual combination of the cotton with the soda — a calico-a/e 
of soda (if the lecturer might be permitted that form of expression) 
was generated. 
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The result of this agency of soda was, as formerly remarked, a 
physical corrugation, and an acquisition of certain chemical qualities. 
The former change was evident to the eye. Dr. Playfair exhibited 
two stockings, one of which being nearly double the size of 
the other, although both came equal in size from the loom. 
The difference had been occasioned solely by chemical not me- 
chanical agency. Dr. Playfair, in developing the numerous practical 
applications of this physical effect, showed that, besides the most 
obvious one of producing a material of increased fineness, the cotton 
thus prepared was far more capable of being dyed. Hot soda solu- 
tion would not answer ; and this fact was remarkable and had its 
analogue in those salts which deposited themselves anhydrous on 
boiling. Instead of soda sulphuric acid might be employed ; in 
which case it formed, in combination with the cotton fibre, an easily 
decomposable conjugate acid. 

B. — Some years ago Liebig stated that one of the greatest discoveries 
of chemistry would consist in converting coal-gas into a solid form, 
thus enabling it to be burned like a candle. This had, in a manner, 
been accomplished by Mr. Young. About three years since. Dr. 
Playfair drew the attention of Mr. Young to a spring of mineral oil, 
containing paraffine, and occurring in a coal-mine in Derbyshire. 
The liquid had been extensively applied by Mr, Young as a lubrica- 
ting agent ; a use which Reichenbach had long ago suggested. 
After a period, however, this spring ceased to flow, when Mr. 
Young applied himself to an investigation of the theoretical con- 
ditions under which it might be artificially formed. This gentle- 
man saw that it would be difficult to convert gas into an allotropic 
form, whereas it was evident that gas must first'^eome from a 
solid ; hence he hoped to succeed in procuring the body before it 
assumed its gaseous state. 

The illuminating portion of coal gas consists chiefly of olefiant 
ga6, and the latter is isomeric with solid paraffine. But the allo- 
tropism does not end here ; the peculiar slow distillation of coals 
yielding solid paraffine, also yielded another isomeric or allotropic 
compound in the form of a lubricating oil, besides the additional 
products of a burning oil, and naphtha. 

Dr. Playfair now explained, by the aid of a diagram, the slow 
distiUation process of Mr. Young, employed in generating his allo- 
tropic form of olefiant gas, and directed the attention of his audience 
to some candles made of coal paraffine on the lecture table. 

C. — Schrbtter's process of manufacturing amorphous or allotropic 
phosphorus was the third in Dr. Playfair’s series. The properties 
of phosphorus in its ordinary condition are well known. It is spon- 
taneously inflammable and highly poisonous ; whereas the Amorphous 
or allotropic phosphorus is neither spontaneously inflammable nor 
poisonous. Hence its great use in the manufacture of lucifer and 
congreve matches ; an operation which not only imperilled the pre- 
mises wherein it is conducted, but also the lives of those conducting 
it, causing the most frightful and fatal disease of the jaws and 
facial bones. 

Common phosphorus, when heated to about 460 or 480, changes 
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into the allotropic condition, but a slight increment of heat changes 
it back again. Hence the manufacture of this substance on a large 
scale is attended with difficulties which Dr. Playfair had no doubt 
would be eventually overcome by the energy of Mr. Sturge the 
patentee. The specific gravity of ordinary phosphorus is 1.77 — 
of amorphous phosphorus, 1.964. Common phosphorus is soluble 
in bi'Sulphuret of carbon, whereas the amorphous variety is not. 
Common phosphorus bursts into flame when brought into contact 
with iodine, whereas the amorphous or allotropic variety does not. 
Common phosphorus is luminous at very low temperatures, whereas 
the amorphous variety only commences to be luminous at a tem- 
perature of 500° F. In forming lucifer matches by means of 
allotropic phosphorus, there is experienced the difficulty that it does 
not ignite by friction ; hence it has to be mixed either with chlorate 
of potash, oxide of lead, or sulphuret of antimony, when friction 
takes effect and generates flame. 


Having thus discussed the experimental portion of his lecture. 
Dr. Playfair concluded as follows : — 

Thtse 'three practical discoveries, for I think they are entitled 
to be considered as such, and not merely as inventions, have ema- 
nated from men all highly educated in chemical science. It is a 
proud subject of praise and of congratulation, that the two first dis- 
coverers, Mr. Mercer and Mr. Young, have, by the aid of science, 
rmsed themselves from the position of working artizans to that of 
employers in works involving considerable capital in their prosecu- 
tion. Science has been to them a true power, the more so as in the 
arts which they profess, the manufacturers have usually been men 
of technical and not of scientific knowledge. The very fact of their 
success is a convincing evidence of what an immense development 
our industry might receive, if its sons were able to take advantage 
of the knowledge which science is constantly showering down upon 
the world. 

There is a wide chasm between the laboratory of the philoso- 
pher and the workshop of the manufacturer — a chasm which must 
be bridged over by those who understand the nature of the foun- 
dations on either side. In general it is not the duty of the philoso- 
pher to do this ; it is more important for social progress, that he 
should continue to benefit the world by new accessions of truth, 
leaving to others to apply them to the promotion of the comforts 
and happiness of the human race. If technical men become disci- 
ples of science, then their acquaintance with the wants and require- 
ments of manufacturers would enable them to derive from its teach- 
ings the knowledge requisite to apply it to the desired ends. 
Science should roll on, as it does now, a mighty river, from the 
abundant waters of which streams may be derived to fertilize the 
lands over which they pass ; for in the course of nature, these over- 
flowings are restored in the form of refreshing showers. Their 
beneficial effects will however depend upon the skill of those who 
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construct the channels destined to direct the waters for the uses of 
industry. 

It is no new truth that science should always be ready to benefit 
industry by instructing those engaged in it, rather than by directly 
uniting with it. This truth is as old as the mythology, where we find 
no celestial so beneficent to industrial arts as Minerva, although she 
always preserved an independent existence, notwithstanding the 
passionate wooing of Vulcan, the god of industry. We have had it 
inculcated by the sages of all countries, strongly enforced by our 
own Bacon, and eloquently advocated in the theatre of this Institu- 
tion by Davy. 

Abstract science could not, if it would, cause itself and industry 
to progress satisfactorily by means of its discovering philosophers. 
There must be other means of conveying its God-born truths to in- 
dustry, in order to freshen and invigorate its existence. The results 
of continental success indicate that the true way for those requiring 
aid is to come to the fountain of knowledge and take that which 
they need. 

I need not detain you longer on this subject, except again to urge 
you to consider what must be the result of the system of instruction 
pursued abroad. In addition to many provincial schools, France has 
two central colleges of arts and manufactures, in one of which 300 
of the best youth of France commence their education in science just 
where our colleges leave off, and after two years, they are poured into 
the provinces to impart to industry the principles of science which 
they have there attained. Prussia, Austria, Russia, and the Northern 
States are encouraging the same kind of education, and even yet 
more extensively. Need we be surprised, then, that they are pro- 
gressing so rapidly in manufactures, in spite of their dear fuel and 
machinery. Recollect that we have reached that state when in 
future the competition of industry must be a competition of intellect. 

• Is England in a prepared state to meet this intellectual competi- 
tion ? Have we adapted the system of instruction in our schools to 
the wants and necessities of the age ? lias science, or a knowledge 
of God's works and God's goodness and wisdom, yet become an 
important part of the instruction of our sons of industry, or, do we 
not, by an antiquated notion, preserve the idea that the classical 
learning of the thirteenth century is all-sufficient for the requirements 
of the nineteenth century ? 

These questions are truly important if we desire to see England 
keep her ground in the industrial struggle of nations. I wish not 
to underrate any branch of human learning ; but I do vehemently 
desire to see banished from our schools the bed of Procrustes, to the 
dimensions of which our children are clipped or extended until they 
are so changed in their natural aspirations for science, thtt it is very 
difficult, in after life, to communicate that amount which {s necessary 
for its application to industry. I need not say, therefore, that until 
scientific instruction be added to the general system of education of 
our youth, that England cannot expect to be foremost in the in- 
dustrial race of nations. 
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Already we see our capital largely employed to import foreign 
talent into our manufactures, and by this, in many cases, we retain 
our superiority. But it does not require much acumen to perceive 
the wretchedness of this policy as regards the nation, which, careless 
of the education of her own sons, sends her capital as a premium to 
the advancement of that intellectual knowledge in foreign states, 
who use it as the means of her destruction. 

Excuse me if I have expressed my convictions on these points 
more strongly than you feel them ; but they have taken such strong 
hold on my mind, that T cannot see safety for the future of our nation 
unless by a great and comprehensive improvement in the instruction 
of her people. I shall conclude in the language of Davy, when he 
addressed you on the benefits conferred by this Institution both on 
science and on industry : — 

“There is no country which ought so much to glory in the 
progress of science as this happy island. Science has been a prime 
cause of creating for us the inexhaustible wealth of manufactures ; 
and it is by science that it must be preserved and extended. We 
are interested as a commercial people ; we are interested as a free 
people. The age of glory of a nation is also its age of security. 
The same dignified feeling which urges men to gain dominion over 
nations, will preserve them from the dominion of slavery. Natural, 
and moral, and religious knowledge are of one family ; and happy is 
th(j country, and great its strength, where they dwell together in 
union.” [L. P.] 



Friday, April 23. 


W» Pole, £bq. M.A., F.R.S.^ Treasurer and Vice-President, 
in the Chair. 

The Rev. Baden Powell, M.A., F.R.S., &c. 

8AVIL1AN PROFKISOK OF GIOMETRT, OXFORD, 

On the Analogies of Light and Heat, 

The researches of Sir W. Herschel, Sir J. Leslie, M. De La Roche, 
and others, long since established the existence of well marked dif- 
ferences in character, not only between the radiation from the Sun 
and that from terrestrial sources, but even among these latter, 
according as the source was luminous or not : and this especially 
as regarded its transmissibility through various screens and the 
absorptive effect of different surfaces. 

But the most striking peculiarity in the radiation from flame was 
established by Sir W. Herschel and afterwards extended to gas-lights 
by Mr. Brande, in that even at considerable distances, after passing 
through a thich glass lens, without heating it, the concentrated rays 
produced heat on a blackened thermometer at the focus, exactly as 
in the case of the solar rays. 

This pointed to a peculiar distinction (also recognized by Sir J. 
Leslie) and shewed that the mere proportion of heat Transmitted by 
a screen (as in De la Roche's experiments) was not the essential 
characteristic, but that further distinction as to the specific nature of 
the rays, was wanted. This want it was attempted in some measure 
to ‘supply in some experiments by the author of this paper, (Phil. 
Trans. 1 825) in which the character of the different rays as to trans- 
MiBsiBiLiTT through screens was examined in combination with th^ 
conditions of the absorbing surface. 

This last is a point even yet little understood ; but thus much is 
clear : — 

(1) A certain peculiarity of texture in the external lamina is 
favourable to the absorption of radiant heat, probably in all cases. 

(2) Darkness of colour is peculiarly favourable to the effect for 
the Svn*s rays, and whoUy overrules the first condition. 

In terrestrial luminous hot bodies it does so to an extent suf- 
ficient to give very marked indications. But this (as the author 
shewed, in ^e experiments referred to), applies to that portion only 
of the compound rays, which is also transmissible through glass, 
the noD-transmissible portion is subject wholly to the former con- 
dition, as are all the rays from non-luminous sources (as Was shewn 
by Leslie and others). 
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Hence the distinction of at least two species of heatings rays 
emanating at the same time from the same luminous source. 

From the neglect of this distinction much confusion has been kept 
up : and statements involving such confusion have been repeated 
from one elementary treatise to another. 

Again ; notwitiistanding that the experiments of Leslie and others 
on the nhso7'ption of heat from non-luminous sources, as well as those 
of Professor Bachc on the radiation from surfaces, demonstrate that 
the effect has no relation whatever to colour, yet the contrary asser- 
tion has been often persisted in. 

Again “ dark heat” is often spoken of without recollecting that 
rays of the very same quality and properties exist in the compound 
raduiLiun from luminous sources. 

The conclusions drawn from later experiments, (performed with 
all the advantages derived from the beautiful invention of the thermo- 
electric instrument of Nobili,) in many instances, are still vague, 
from want of attention to the distinction of different species of heat 
emanating at the same time from the same source. 

Mclloni, in a most extensive and valuable series of experiments, 
takinj; the sources of heat successively flame, incandescent metal, 
boiling mercury, and boiling water, and applying in each instance 
a long series of substances as screens, estimated the proportion of 
rays out of 100 stopped, which was very different for each screen 
and each source : evincing wide differences in ** diaihermaneity f 
while rock salt alone was almost totally diathermanous ” to rays 
from all sources alike. 

Hut we must still ask, what species of rays were those respectively 
stopped and transmitted ? To take the per centage simply is ambi- 
guous ; the body of rays is not homogeneous ; the property of trans- 
missibility should be viewed in combination with other properties 
of the specific rays, such as those evinced in their relations to the 
texture or colour of the absorbing surface. 

Nor is the ambiguity removed, though the difference of source 
is specially referred to, if the heterogeneity of rays fivun the same 
source be overlooked. The mere classification of sources into lumi- 
nous and non- luminous will not suffice : still less a reference to their 
temperatures : it being perfectly well known that the temperature of 
luminosity is very diflercnt for different substances.* 

Again Mellon i has shewn that the diathermaneity is not pro- 
portional to transparency , by a classified series of transparent screens 
with the lamp. 

It must however be recollected that the term ** diathermaneity " 
is applied indiscriminately to a heterogeneous body of rays : out 
of which some species of rays are entirely stopped, others entirely 
transmitted; and the great difierences in “ diathermaneity” for heat 


* Kcleicnces in detail to all the diffncnt researches here mentioned, will be 
found in the Author’s Tw'o Reports on the stale of our knowledge of Radiant 
Heat m the British Association Repoits, 18o2 and 1840. 
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Irom different sources, which Melloni has also established, are nothing 
else than ahgorption of peculiar rays by each medium, not more 
anomalous than the correspondiug absorptions of luminous rays by 
different transparent media so little as yet reduced to law. 

While rock salt is analogous to colourless media for light, alum on 
the other hand is totally impermeable by heat from dark sources, 
and partially so by rays from the lamp ; that is« wholly impermeable 
for that portion of the rays which are of the same kind as those from 
non-luminous sources, and permeable to the others. 

By other sets of experiments Melloni shewed that rays from the 
lamp transmitted in different proportions by various screens and 
then equalized, were afterwards transmitted by alum in equally va- 
rious proportions : or as he expresses it ** possess the diathermancy 
peculiar to the substances through which they had passed.^* 

But this implies no new property communicated to the rays. 
It shews that as different specific rays ouf of the compound beam 
were transmitted in each case by the first screen, alum, though im- 
pervious to the lower heating rays, is permeable by these higher 
rays ; and in different degrees according to their nature ; an effect 
simply dependent on the heterogeneity of the compound rays from 
a lamp. 

Again with differently coloured glasses peculiar differences of dia- 
thermaneity were exhibited with rays from a lamp, incandescent 
metal, and the sun : but not more various or anomalous than the 
absorption of specific rays of light. 

And besides considerations of this kind it must always be borne 
in mind that a blackened surface (like that which was used in all 
these experiments) itself is unequally absorptive for the different rays. 

The solar heat being freely transmissible througlf all colourless 
transparent media along with the light, there would be no peculiar 
advantage in experimenting on the solar spectrum formed by a 
rock-salt prism. Melloni however with such a prism on interposing 
a ’thick screen of water, found the most heating rays (t. e. those at 
or beyond the red end) intercepted, as they are known to be by 
water : and this caused the position of the relative maximum to be 
apparently shifted higher up in the spectrum, even to the position 
of the green ray. 

On the other hand many coloured glasses, he found, absorbed the 
rays in various proportions, yet they left the point of maximum heat 
unaltered : t. e. though variously absorptive for the higher rays, 
they were not of a nature to stop the lower, or most heating rays. 

One result indeed is recorded which seems at variance with all 
other experiments on the solar rays : a peculiar green glass (tinged 
by oxide of copper) was found to absorb so entirely all the most 
heating rays that the remaining portion produced no h^at, though 
when concentrated by a lens they gave a brilliant focus. ' Speaking 
generally however, these experiments only confirm what is on all 
hands admitted, viz, that the illuminating and heating powers follow 
very different laws, with relation to the different rays. 
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The grand discovery by Melloni of the true rkpraction of heat 
even of that kind which constitutes the whole radiation from dark 
sources, by means of the rock salt lens and prism, and its extension 
by Professor Forbes to the determination of the index of refraction 
(fi) for the most heating rays from all sources both luminous and 
non-luminous, gave the first actual proof of the real analogy, of the 
propagation of heat by waves in an etherial medium : which was 
further carried out when it was shewn from Cauchy's theory that 
for different wave lengths (X) there must be in every medium a 
certain limit of all refrangibility . that is, as we suppose (X) to in- 
crease, large changes in (X) will give continually smaller changes 
in (/i), and when (X) is very great compared with (Ax) the intervals 
of the molecules, then the index {y) assumes its limiting value 
which is not greatly below that for the extreme red ray, and with 
this, the index for the lowest heat coincides. 

This is seen directly from the formula * 


■j^ = P — which when we sup- 
pose (‘^ ) = ^ limiting value (~~) “ 

The results from observation for Rock salt compared with this 
theory are as follows : 

Rock Salt. 


rays 


obs. 

theory 

mean light 

1.558 

• • 

red ray 

1.540 

• • 

X = .000079 

. . 

1.529 

dark hot metal 

1.528 

• • 

Limit 


1.527 


But it is to the capital fact established by Professor Forbes, of the 
polarization of heat from dark sources (for with luminous sources 
little doubt could exist), with all its remarkable train of consequences, 
that the complete analogy with light is seen in the most uninter- 
rupted point of view ; — the transverse vibrations, the dipolarization, 
the consequent interferences, the production of circular and elliptic 
vibrations under the proper conditions, — to those familiar with the 


* Sec the Author’s Treatise “ On the Undulatory Theory applied to the Dis- 
persion of Light,” &c. London, J. W. Parker, 1841, pp. 71-122. 
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wave-theory present an irresistible accumulation of proof of the 
identity of the rays of heat with a succession of waves in an etherial 
medium : exhibiting different properties in some dependence on their 
wave-lengths. 

Among the most recent researches on the subject are those of 
Mr. Knoblauch (of which a translation is given in Taylor’s Foreign 
Scientific Memoirs, Part xviii. and xix.) and they are not to be sur- 
passed for extent and accuracy of detail. 

One series is devoted to the examination of the alleged differences 
in radiation of heat proportioned to the temperature of the source. 
This as before observed is an untenable hypothesis, but Mr. Knob- 
lauch distinctly refutes it by a series of experiments on alcohol flame, 
red hot metal, hydrogen flame and an argand lamp, whose tempera- 
tures are in the order of enumeration beginning with the highest : 
but the power of their heat to penetrate screens is found to follow 
exactly the reverse order. And even with lower stages of heat, the 
effects bear no proportion to the temperatures as such. Hence the 
effect is evidently not due to a mere extrication of the heat of tem- 
perature, but is of a peculiar kind. In a word, agreeably to the pre- 
ceding remarks, the different species of rays, more or less compounded 
together in the several cases, exhibit their diversities of character in 
developing heat by their absorption. One very peculiar result is, 
that Platinum, at a stage intermediate between red and white heat, 
transmits through all the screens employed rather less heat than 
when at a red heat. That is, these intermediate rays are of such a 
wave- length as to be subject to a peculiar absorption by these screens : 
while at the same time possibly less of the former may be emitted. 

In another section Mr. Knoblauch adverts to the effects of sur- 
faces on the absorption of rays, and particularly remarks (p. 205) ; 

The experiments of B. Powell and Melloni have shewn that one 

and the same body is not uniformly heated by rays from different 
" tources, which exert the .same direct action on a blackened thermo- 
" scope a statement which does not very intelligibly express any 
conclusion of the author’s. Mr. Knoblauch however supports it by 
elaborate experiments shewing, as might be anticipated, that an ar- 
gand lamp affects a surface of carmine less, and one of black paper 
more, while a cylinder heated to 212® affects the carmine more and 
the black paper less. 

Another extensive series, on the effect of surfaces on radiation, is 
directed to shew that the effect is independent of the source whence 
the heat so radiated, was originally obtained. 

Among the very multifarious results referring to screens and sur- 
faces obtained by Mr. Knoblauch, it can here only be remarl^ed that 
none of those varied facts appear to present anything at Variance 
with the princijples here advocated, while in the general conclusions 
which he indicates at the close of his memoir, the authoK though 
professedly avoiding all hypothesis, yet distinctly intimates his con- 
viction of the heterogeneity of the heating rays increasing as the 
condition of the source rises in the scale from a low heat up to lumi- 
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nosity or combustion : and that the diversities of heating effect on 
diffferent media, are due to a selective absorption of particular species 
of rays, from peculiarities in the nature of those substances, and 
analogous to the absorption of particular rays of light by coloured 
media. 

It must not however be omitted to notice, however briefly, another 
recent set of researches of high interest, those of M. Silberman ; in 
which (among others) the very remarkable fact is established, that 
on transmitting a narrow ray of heat from a heated wire, through 
rock crystal, there is a singular difference according as the ray passes 
parallel or perpendicular to the axis of the crystal : the effect being 
indicated by having the further side of the crystal coated with a fine 
composition of wax, the portion of which in the direction of the ray 
is melted in a circular form in the first instance and in an elliptical 
in the second. 

The general fact of the heterogeneity of heating rays, especially 
from luminous sources, is fully recognized by Melloni as in some 
sense the conclusion from all his experiments. 

The hypothesis that this heterogeneity consists simply in differences 
of waye-length would seem a probable one ; though it is still possi- 
ble; as Trofeasor Forbes suggests, that some other element may also 
enter into the conditions. 

This view has been extended by M. Ampere so as to refer both 
luminous and heating effects to the same rays : — a view contro- 
verted by Melloni, chiefly on the ground, evinced by several classes 
of experiments, that the intensity of the heating effect (especially in the 
solar rays) follows no proportion to that of illumination ; an argu- 
ment which really amounts to little unless tlie theory obliged 
us to infer that the amount of illumination must follow the same 
law as that of heat ; which it manifestly does not ; since the 
nature of the effect in the one case is wholly dependent on the 
unknown constitution of the optic nerve ; according to which some 
precise proportion of the impinging vibrations, with a particular 
wave-length, is that which gives the greatest perfection of vision : 
while for heat the effect has no reference to such peculiar conditions, 
but is dependent in some way on longer wave-lengths, and pro- 
bably more simply connected with the intensity or amplitude of the 
vibrations. 

On this theory our view of the case would be thus : — 

A body heated below luminosity begins to give out rays of large 
wave-length only. As it increases in luminosity it continues to send 
out these, and at the same time others of diminishing wave-lengths, 
till at the highest stage of luminosity it gives out rays of all wave- 
lengths from those of the limit greater than the red end of the 
spectrum, to those of the violet end, or possibly less. 

Rays of all these species are transmissible and refrangible by Rock 
salt ; and many of them with numerous specific distinctions by other 
media. 
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They are all mom or less capable of exciting heat when absorbed 
or otojpped: though in aome the effect is perhaps insensible. Both 
this property and that of their transmissibility seems to depend in 
some way om the wave-length, though in no simple ratio to it. 

The absorptive effect due to texture of surfaces has some direct 
relation to the magnitude of the wave-length, especially near the 
limit. While that due to darkness of colour is connected with 
shorter wave-lengths such as belong to rays within the limits of the 
light spectrwBs : and in any case when a ray impinges on any absorb- 
ing substance, its vibrations, being stopped, communicate to the mole- 
cules of the body vibratoiy movements of such a kind as constitute 
beat of temperature. 

The pec^ar molecular constitution of bodies which determines 
their permeability or impermeability to rays of any species, gives 
rise to all the ^versities of effect, whether luminous or calorific. 
We thus escape all such crude ideas, at once difficult and unphiloso- 
phical, as those either of two distinct material emanations producing 
respectively heat and light, or of a conversion of one into the other ; 
and obtain a view far more simple and consistent with all analogy. 

[B. P.] 



Wednesday, March 31. 


Sir Charlrs Lemon, Bart, M.P., F.R.S. 
in the Chair. 

M. P.-H. Boutiuny (d’Evreux). 

Etudes sur les Corps a V^tat spheroidal, 

Lks Ph^nomfenes qui se rapportent h cette partie de la Physique ont 
du Atre entrevua d^s la plus haute antiquity. Le premier qui fit 
chauffer un silex, un morcenu de granit ou un metal quelconque, et 
qui laissa tomber accidentellement ou volontairement sur sa surface 
quelques gouttes d'eau dut remarquer que cette eau ne se compor- 
tait pas comme lorsqu'on Techaufi^it dans les conditions ordinaires. 
En remontant aux traditions les plus reculees, peut-^tre trouvait*on 
la trace de cette observation dans ces paroles du Livre de La 
Sagesse (verset 19 du chap, xix) ; “ Le feu surpassant sa propre 
'* nature, brillait au milieu de I’eau, et Teau oubliant la sienne ne 
" I’^teignait point.*' Au moyen 4ge, les verriers paraissent avoir 
connu cette propriety et en avoir fait une application assez ing^ni- 
euse leur art. Quelle que soit Tantiquit^ de cette remarque, on 
peut dire que les phenoin^nes qui s’y rapportent n'ont etc reellement 
observes que vers le milieu du dernier si^cle, et ^ peu pr^s dans le 
m^me terns par Eller* et par Leidenfrost.-f Depuis lors le petit 
nombre de physiciens qui se sont occup^s de ce ph^nom^ne, n'ont 
presque rien ajout^ ni aux experiences qui Teussent reproduit sous 
de nouvelles rormes, ni a son explication th^orique. 

Tout le monde a observe que lorsqu on laisse tomber quelques 
gouttes d*eau dans une capsule rougie au feu, cette eau, loin de se 
r^pandre sur le m^tal et de le mouiller, prend la forme de globules 
qui roulent k sa surface sans y adherer. Voilk Texp^rience vulgairc 
qui est le point de depart de toutes les recherches de cet ordre. 
Dans les cours de Physique, on s*6tait content^ de dire que Teau, 


* Histoire de I'Acad^mie do Berlin, 1746, page 42, 
t Be aquae communis qualitatibus. Duisboiirg, 179G. 



LIBRARY OF SCIENCE 


50 

miee en contact avcc un corps incandescent, n’adherait point ill sa 
surface et s'^vaporait plus lentement que lorsque le m6rae corps 
6tait port^ seulement k la temperature o^ le liquide entrait en ebul- 
lition ; inais on n’avait donne de ce phenom^ne aucune explication 
satisfaisante. 

Lorsqu’on projette quelques gouttes d’eau sur une plaque d’argent 
leg^rement concave, k la temperature ordinaire, le liquide en mouille 
la surface ety adhkre par tous ses points en contact. Si Ton ^chautFe 
cette plaque, au moyen d'une lampe k l*alcool, Teau, parvenue a la tem- 
perature de 100 degree, seconvertit en vapeuret passerait tout enti^re 
k cet ^tat dans un temps determine ; mais si Ton continue d’elever 
la temperature de la plaque, au de la de 142^* par exemple, le phe- 
nomkne change de nature ; I’eau cesse d’adherer k la plaque d’argent, 
elle ne s*etend plus k sa surface, et semble se replier sur elle-meme 
en prenant la forme d’un spheroide applati de haut en bas. La 
temperature jusqu’alors fixee k 100^^, s’abaisse subitement a -|- 100^ 
— j?, et reste fixe k ce degre, quelqu* effort que Ton fasse et en 
pla 9 ant I'appareil dans les conditions calorifiques les plus energiques. 
L’^vaporation loin d'etre augmentec par cette elevation excessive de 
temperature, diminue au contraire a ce point qu’une m^me quantity 
d'eau pour se reduire en vapour, exige cinquante fois plus de temps 
que lorsqu’elle est soumisc a la temperature de rdbullition. Enfin il 
s’^tablit dans le spheroide des ondulations rdguli^res, entrccrois^es, 
parfaitement visibles et qui offrent la plus grande analogic avec 
celles qui sont produitea par les corps sonores mis en vibration. 
La m^ine exp(;rience r6p6t6e avec la plupart des autres liquides, 
donne des r^sultats qui ne varient que proportionnellement aux 
limites respectives de leur point normal d’^bullition. 

Tel est le ph^nomene principal : tellcs sont les nouvelfts lois aux- 
quelles ob^issent les liquides des qu*ils cessent d’etre soumis a la loi 
ordinaire de I’equijibre de temperature, loi qui ne s'exerce que 
dans des limites determin^es et assez restreintes. 

Voici les experiences k Taide desquelles on pent rendre parfaite- 
ment sensibles les moindres details de ce phenomene. Que Ton 
prenne un corps trks combustible, de Tazotate d’ammoniaque, par 
exemple, qui s’enflamme k une assez basse temperature, ct qu’on le 
projette sur une capsule de platine, rougie a Taide d un eolipylc ; ce 
corps entrera en fusion, prendra la forme sph^roidale, ne brklera 
point et ne se d^composera qu’avec beaucoup de lenteur. Retirez 
alors Teolipyle, laissez refroidir la plaque jusqu’au degrd oh cet 
azotate s'enflamme ordinairement, aussitot il fusera et s’enflammera ; 
singulier exemple d'un corps trks combustible qui ne brhle point dans 
les circonstances qui sembleraient les plus favorables k sa combustion 
et qui brhle dks qu’on le soustrait k Taction d'une trop vive Chaleur. 

Si au lieu d’azotate d’ammoniaque, on projette de Tiodefsur une 
plaque rou^e, tant que celle-ci sera trhs chaude, les vapeufs d’iode 
seront k peine visibles ; mais si on la laisse refroidir, Tiode k’etalera 
k la surface en donnant naissance aux belles vapeurs violettes qui le 
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caract^risent. Enfin, lorsqu’on verse dans une capsule rougie quel- 
ques grammes d'eau distillee, le liquide passe rapidement d IVtat 
spheroidal ; il n'adh^re point ^ la capsule, n’entre pas en ebullition 
et s’evapore lentement. Si Ton plonge dans le spheroide la boule 
d*un thermometre, celui-ci accusera invariablement une temperature 
plus basse que celle de Feau bouillante ; mais si on laisse refroidir la 
capsule, le thermometre serelevera k 100°, I’eau entrera en ebullition 
tumultueuse et s’evaporera rapidement dans le terns et les conditions 
ordinaires. 

Ces faits nouveaux et singuliers semblent en opposition manifeste 
avec les lois connues de la chaleur ; d'autres experiences qui sont 
comme les corollaires des precedentes peuvent servir k montrer 
toute la portee de ces observations. Ainsi les lois qui regissent les 
corps passes k I'etat spheroidal peuvent expliquer certains cas d’ex- 
plosion des chaudieres k vapeur. Si I’on verse deux grammes d’eau 
distiliee dans une petite chaudi^re spherique dont le fond est chauiTe 
par un eolipyle et qu’on la bouche fortement; tant Que I’eau sera 
maintenue k Tetat spheroidal dans son interieur, il n’y aura pas 
d'explosion : mais si Ton retire Feolipyle, un leger bruissement ne tarde 
pas k snnoncer le passage de FeaukFetat liquide, puis k Fetat deva- 
peuf et le bouchon sera lance violcmment dans Fair avec explosion. 
De m^me si Fon met de Feau dans une chaudiere d’essai et si on la 
soumet k une haute temperature, Feau ne tardera pas k bouillir et k 
donner des torrents de vapeur. Si Falimentation est ndgligbe par 
une cause quelconque et que la diaudikre vienne k rougir, Feau 
qu’on y introduira alors acquerra des propri^tds nouvelles : ellc ne 
mouillera plus les parois de la chaudikre, elle ne s’^chaufFera pas 
au dela de 98 d^grds et ne donnera que tit>s peu de vapeurs. Mais 
si Fon diminue Fintensite des feux, ou bien si Fon introduit une grande 
masse d’eau froide dans la chaudiere, cette eau s’etendra sur les 
parois, se rdduisa brusquement en vapeurs, dont la tension con- 
siderable entrainera infailliblement la rupture et Fexplosion de la 
chaudiere. 

L’abaissement de la temperature dans les corps pa>p^.s k F^tat 
spheroidal est une loi gdnerale que Fon peut constater en plongeant la 
boule d'un thermom^tre dans des spheroides d’alcool absolu, d’ oxide 
et de chlorure d’ethyle, d’acide sulfureux et d’un grand nombre d’autres 
corps. Ce phdnomkne a donnd lieu k un resultat tout-k-fait imprevu 
et des plus remarquables. On sait que 1 acide sulfureux anhydre ; 
liqu^fid, entre en ebullition k IP au-dessous de z6ro; Fauteur ayant 
versfe quelques grammes de cot acide dans une capsule de platine 
rougie au feu, (Fair environnant dtant legkrement humide,) 1 acide 
sulfureux prit aussitot une apparence opaline, perdit sa transparence, 
se solidifia et Foperateur vit avec ^tonnement que ce solide n’dtait 
autre chose qu’un morceau de glace. Pour varier 1 experience, il 
versa dans le m^me acide k F6tat sphfeioidal quelques gouttes d’eau 
distill^ qui se congeli^rent rapidement, enfin im tr^s petit matras 
contenant un gramme d’eau distiliee ayant ete plongd dans le meme 
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ftph^roide et retir6 au bout d’une demi minute contenait t%alement 
ua petit morceau de glace. Pour montrer que les liquides passes 
k r^tat spheroidal n'adherent plus k la surface du corps echauffant, 
on fait tomber sur une capsule d'argcnt ou de cuivre, rougie, de 
Tacide azotique tr^s concentre ; celui-ci roule sur la capsule sans 
I’attaquer ; mais si on laisse refroidir la capsule, il arrive un moment 
oil Tacide attaque le mdtal avec violence. Autre exemple : uu 
cylindre d’argent cbaufle k blanc, etant plonge dans un verre d’eau, on 
peut voir trks distinctement qu*il n*y a pas de contact et que Peau est 
maintenue k une certaine distance du cylindre, k mesuhe que Tequi- 
libre s’etablit entre le metal et I’eau, le contact a lieu, un l^ger sifflc- 
ment se fait entendre et Teau entre vivement en Ebullition. 

Mais ce n*€st point k des resultats physiques que se bornent ces 
curieux phEnomEnes. II cst Evident que ce nouveau mode d’action 
doit donner lieu k des rEactions, k de nouveaux moyens d’analyse et 
de syntbEse chimiques. Certains corps qui ne se decomposent pas k 
la tempErature de TEbullition, se dEcomposent des qu ils sont ainenEs 
k I’Etat sphEroidal ; d’autres mis en contact sous I’influencc de ce 
nouvel Etat molEculaire, se prEtent k de nouvelles combinaisons. 
Le vin, Talcool, I'esprit de bois, soumis k TEtat sphEroidal, associent 
leurs Elements dans un nouvel ordre ; Tether se decompose en 
dEgageant de Taldehyde ; le chlorure d’ethyle dEcompose I’azotate 
d’argent ; Tammoniaque dans le meine etat dissout Tiode ; les huiles 
essentielles, la naphtaline, Tacide benzoique, Tacide citrique et une 
foule d’autres substances se transforment et donnent naissancc k 
d’autres produits. Ces exeinples suffisent pour montrer tout le 
parti que les chimistes pcuvent tirer de ce nouveau mode d’expEri- 
mentation et tout ce- qu’il promet dans Tavenir de resultats curieux 
et inattendus. 

Cette forme que prennent les corps soumis k une trEs haute 
tempErature et k laquelle se rattachcnt de nouvelles lois physiques, 
serait, selon Tauteur de ces recherches, une quatriEme modification de 
la matiEre, qui ferait suite aux Etats solide, liquide, gazeux et il lui 
imposa provisoirement le nom d*^tat spheroidal. 11 croit en trouver 
Torigine et la cause dans les vibrations que le calorique communi- 
que k la matiEre. Le passage d’un etat k Tautre s’expliquerait par 
la coincidence ou la non-coincidence du mouvement ondulatoire 
qui a lieu dans le liquide et dans le corps Echaufiant. I/anulogie 
des vibrations permettrait le contact et TadhErence, tandis que leur 
oppposition les dEtruirait. L’adhcrence une fois dEtruite, le liquide 
se replierait sur lui-mEme, comme Teau sur une surface graissee, 
comme le mercure sur un plan de marbre, ses molEculea se rap- 
procheraient naturellement de la molecule centrale. 

Parmi les propriEtEs des corps amenes k TEtat sphEroidal, il en 
est deux auxquelles Tauteur attache une importance . spEciale. 
L’une est le ^ouvoir qu’ils acquiErent de reflEchir le calorique, en 
se constituant dans un Etat d’Equilibre stable; Tautre est cette 
facultE de se replier, en veitu d’une attraction particuliEre vers leur 
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mol^ule centralc, comme s*ils ^taient r^duits k un point materiel 
isol^ dans Tespace, tout en restant soumis Tattraction terrestre, 
en sorte que leur forme naturellement sph^rique se comprime dans 
le sens du rayon de la terre. L'auteur tire de ces observations des 
consequences fort etendues, applicables k la geologic, la mecanique 
terrestre, etc. etc. II pense que de graiides verites decouleront 
d’une etude plus approfondie de ces pbenomenes. II pense que la 
philosophic des sciences fera un pas de geant quand les geometres 
analyseront ce pbenomene qui a du se produire k la surface du globe 
sur une grande fechelle k Tepoque de son incandescence. Peut- 
etre se produit-il encore k la surface du noyau incandescent de la 
terre. 

Les recherches relatives k Petat spheroidal peuvent conduire k 
I’explication d’un autre ordre de pbenomenes. En Tan 24 1 Sapor, ou 
Chapoiir ordonna aux Mages de faire tout ce qui serait en leur 
pouvoir pour persuader et ramener les dissidents k la foi de leurs anc^- 
tres. Un des Pontifes du culte dominant, Abdurabftd Mabrasphand, 
ofFrit de se soumettre dans ce but k ce qu’il appela Pepreuve du feu. 
II proposa que Pon repandit sur son corps nud dix-huit livres de 
cuivre fondu sortant de la fournaise et tout ardent, k condition que 
s’il li’etak point bless^, les incr^dules se rendraient k ce prodige. On 
dit que P6preuve se fit avec un plein succ^s et qu’ils furent tous 
convertis. Les r^cits merveilleux sur les epreuves par le feu, au 
moyen flge, et sur les hommes incombustibles dont quelques-uns se 
montrent encore sur les places publiques se retrouvent partout. Tout 
le monde n vu ou entendu parler de ces hommes qui courent les 
pieds nus sur la fonte incandescente, qui plongent la main dans 
le plomb fondu ou qui appliquent sur leur langue une lame de fer 
rougie au feu. Ce fait n*aura plus rien d extraordinaire, si Pon 
remarque que Peau, k P6tat spheroidal, r^flechit le calorique 
rayonnant et que sa temperature n'atteint jamais celle de son 
Ebullition. Ainsi, lorsqu*on plonge la main, lEgEremrnt humide, 
dans un mEtal en fusion, PhumiditE qui la recouvre passe k PEtat 
spheroidal, refldchit le calorique rayonnant et ne s’^chaufFe pas 
mEme jusqu’k la temperature de Peau bouillante. L'Etude du 
mEme phEnomEne donne done PExplication naturellc de ces faits 
en apparence si extraordinaires, qui peuvent aujourdhui se rEpEter 
dans les amphitheatres et les cours publics sans aucun danger 
pour PopErateur. 

On a vu plus haut que Peau k PEtat spheroidal jouait un 
r61e important dans Pune des causes des explosions fulminantes 
des chaudiEres k vapeur. L'auteur poursuivant ses Etudes dans 
cette direction est parvenu k crEer un nouveau systEme de 
gEnErateur k vapeur, Le principe gEnEral de ce nouveau mode de 
gEnEration de la vapeur rEside dans la division extrEme de Peau au 
moyen de diaphragmes pcrcEs de petits trous et superposEs dans 
PintErieur de la chaudiErc. On sait que la matiEre ne s’Evapore 
que par scs surfaces. 
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Une chaudiere de ce syst^me ayant seulement un demi mdtre 
carr6 de surface de chauffe 6vapore de 38 k 40 litres d*eau par 
heure sous la pression de 10 atmospheres. Dans rancien systeme 
la m^me chaudiere ne saurait evaporer plus de 10 litres d’eau dans 
le mime temps et sous la m^me pression. Le rapport est 
done : : 1 : 4. 

Selon Tauteur, ce nouveau generateur serait absolument inexplosible 
et destine h, jouer un r61e important dans notre civilisation actuelle 
en creant une force domestique, souvent gratuite. £n effet, le foyer 
qui imprimerait le mouvement aux outils de Tatelier donnerait en 
rndme temps la chaleur necessaire, dans tous les climats* k Texistence 
de Touvrier et de sa famille. Ce serait done k la fois un source de 
calories et de dynamies avec un seul et m^me foyer.* 

[P.-H. B.] 


* On troiivera dcs details plus dtendus sur ce sujet dans la 3® ^dit. d*un 
opuscule (jue Tautcur csp^rc pouvoir pubJicr prochaincment et qui a pour litre : 
AouveUe Blanche de Phyaiqne ou Etudes sur tes carps a I'Etat sphMidal. 



Friday, May 21 . 


W. R. GaovK, Esq., M.A., F.R.S., Vice-President, 
in the Chair. 

B. C. Buodie, Esq. 

On the AUolropic Changes of Certain Elements. 


The earliest conception of the nature of a chemical substance was 
limited to the knowledge of the ultimate or elemental particles into 
which it could be broken up. To this after a time was added that 
of the proportion in which these elements were combined. But this 
too proved inadequate to explain the chemical differences of bodies, 
csperifdV their dynamic differences, that is, the different modes of 
change of which they are susceptible — why for example, from 
certain bodies containing many atoms of hydrogen, one of these 
atoms can readily be removed and replaced by a metal, while no 
skill has yet effected a similar exchange with a second. The progress 
of discovery, moreover, established beyond a doubt the existence of a 
class of bodies consisting of the same elements, combined in the 
very same proportions, which yet differed in their chemical and 
physical properties. To meet these and other difficulties, gradually 
arose an idea new to chemical science, the idea of structure or 
ehemical form, in the elaboration of which, chemists of late years 
have been principally engaged. The way in which this conception 
has been applied to explain the relation of isomeric bodies may be 

seen by the following illustration. Representing water as || O, alcohol 

C H 

is represented as ® O = ^2 methylic ether as 

^2 [|3 0 . = €3 Ilf, O. This last substance is identical with 

alcohol in its elemental conttitution, but differs from it in its 
chemical reactions. This difference is expressed by assuming that 
the hydro-carbon is differently distributed in the two substances. 
Looking at the above formulae, it will be perceived that the con- 
version of the one substance into the other would be effected by the 
transference of hydro-carbon from one to the other part of the 
system. The change in this case has not yet been effected ; but in 
cWtain other instances we are enabled to effect very analogous 
transformations, and to recombine the particles in the interior, as it 
were, of the body itself. 
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One or two instances were shown of this isomeric metamorphosis, 
which were so selected as to illustrate the modes by which it could 
be effected. For example — styrol, (an oil procured by the dis- 
tillation with water of the liquid storax), by the application of heat, 
is converted without either the addition or the loss of any chemical 
substance into a transparent solid, in its ultimate constitution 
identical with the oil. The formula of the oil is Cg Hg, that of the 
solid according to Blyth and Hofmann, who first made it a subject 
of investigation, H,. 

In certain cases these changes may be brought about by a chemical 
action very analogous to that of fermentation, by which sugar is 
converted without alteration of weight into carbonic acid and 
alcohol. There is a body called aldehyde, C,, O, a very volatile 
substance boiling almost wdth the warmth of the hand, and the 
vapour of which is about times as heavy as air. By the addition 
of one drop of sulphuric acid it is converted into a body which boils 
at a higher temperature than water, and the vapour of which is 4^ 
times as heavy as air. Our knowledge is too impei-fect to state the 
precise mode in which the elements are re-arranged, but from the 
density of the vapour we infer that the molecule of the transformed 
aldehyde contains three times the number of atoms of the original 
body and is Cg O3. Oil of turpentine is in a most remarkable 
degree susceptible of these metamorphoses. By the action of sul- 
phuric acid it is converted into oils, isomeric with it, but each 
differing from it in some one or more properties. Great heat is 
evolved during the change, due doubtless to the chemical combi- 
nation which is taking place. In certain cases, as, for example, 
the formation of paricyanogen by the decomposition of^cyanide of 
silver, this heat is so great as to cause the vivid ignition of the 
substance. 

Acquaintance with these facts is necessary to view in their 
scientific connexion certain phaenomena of the elemental bodies 
which go under the name of allotropy, and which are to them, 
precisely what isomeric phaenomena are to compound substances. 
This allotropy has been observed in the case of many elements, 
carbon, boron, silicon, selenium, sulphur, phosphorus, arsenic, 
and possibly oxygen — from these sulphur and phosphorus were 
selected as presenting points of peculiar interest. 

At a few degrees above the boiling point of water, Sulphur 
melts to a transparent yellow fluid ; at about 160° C. it changes in 
appearance, becoming red, and between 220° and 250° C. it becomes 
deep red and viscid. Heated beyond this point it again becomes 
liquid, and just before it boils appears as a deep black fluid. These 
changes in the sulphur have been connected with certain thermic 
phaenomena, which leave no doubt but that they are truly transitions 
from one allotropic form to another. During cooling, sulphur 
passes through the same changes, but in an inverse order f and it 
has been observed that the sulphur does not cool by regular 
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gradation, but that at certain points its temperature is stationary, or 
falls much slower than at other points ; this can only be explained 
by assuming a developement of heat from the sulphur itself, which 
compensates for that which it loses ; and this developement of heat 
takes place just about the points of transition from one state to 
another. By cooling suddenly the viscid sulphur, it may be re- 
tained for a long time in the form of a transparent elastic substance, 
which ultimately solidifies to a sulphur differing in many respects 
from the ordinary modification of the body, especially in being in 
great measure insoluble in bisulphide of carbon. — An experiment 
was shewn of the reconversion of this peculiar sulphur into the 
viscid form ; this can be effected without melting the body by a 
proper regulation of the temperature. 

It had been long known that Phosphorus exposed to sun-light 
assumed a red colour. Berzelius suspected this to be an allotropic 
modification of the element ; and the experiments of Schrotter, who 
produced the same body by the action of heat, have established this 
view and enable us to procure this phosphorus in large quantities. 
In its chemical properties, as well as in appearance, this red phos- 
phorus j a entirely different from the ordinary modification. 

The change thus produced by heat can also be effected by chemical 
agency. By the action of iodine ordinary phosphorus can be con- 
verted in large quantities into the allotropic modification. This 
can be done by projecting iodine into phosphorus melted under 
strong hydrochloric acid, or into phosphorus simply melted in a 
tube, and subsequently heating the substance. The iodine is em- 
ployed in very small quantities. It first dissolves in the liquid phos- 
phorus ; at a certain point as the temperature is raised a violent 
evolution of heat takes place, which causes a kind of explosion in 
the substance, and the mass of the phosphorus passes at this moment 
into the other condition. A small quantity of iodine will in this 
manner convert (if sufficient time be allowed) an absolutely unlimited 
quantity of phosphorus.* 

On a former occasion certain experiments were shown as evidence 
that the formation of oxygen, and indeed of other elements, was a 
chemical combination of particles of the same nature as the formation 
of a compound substance, and that the two classes of bodies had a 
similar molecular constitution. 1* By the phsenomena of allotropy, 
other analogies are brought out between them, which lead to a 
similar belief. The similarity is so great between the facts in the 


* The theory of this action and the detailed experiments are given in a 
Paper on the action of Iodine upon Phosphorus, read by the Author before the 
Chemical Society on the 21st of June. 

t See on this subject the Author’s Paper in the Philosophical Transactions, 
1850 , “on the Condition of certain Elements at the moment of Clicinical 
Change.” 
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two cases, — they are produced by the same means, by the alteration 
of temperature and by chemical action, — they are attended with the 
same evolution of heat, — that it is reasonable to refer them to the 
same cause. In the case of the compound substance we have the 
most direct evidence that the allotropic conversion is the re- 
combination of the particles of the substance and the transition 
from one chemical type to another. The inference is that the 
change in the case of the elements is of the same nature, and that 
phosphorus and sulphur are molecular groups capable of this re- 
arrangement and re-distribution. 

[B. C. B.] 



Friday, June 11. 

Sir Charles Fellows, Vice-President, in the Chair. 

Professor Farauay, 

On the Physical Lines of Magiietic Force, 

On a former occasion, (Jan. 23, 1852, see p. 105) certain lines 
about a bar magnet were described and defined (being those which 
are depicted to the eye by the use of iron filings sprinkled in the 
neighbourhood of the magnet), and were recommended as expressing 
accurately the nature, condition, direction, and amount of the force 
in any given region either within or outside of the bar. At that 
time the lines were considered in the abstract. Without departing 
from or Jinsettling any thing then said, the enquiry is now entered 
upon of the possible and probable physical existence of such lines. 
Those who wish to reconsider the different points belonging to these 
parts of magnetic science may refer to two papers in the first part of 
the Phil. Trans, for 1852 for data concerning the representative lines 
of force, and to a paper in the Phil. Mag. 4th Series, 1852, vol, iii. 
p. 401, for the argument respecting the physical lines of force. 

Many powers act manifestly at a distance; their physical nature 
is incomprehensible to us : still we may learn much that is real and 
positive about them, and amongst other things something of the 
condition of the space between the body acting and that acted upon, 
or between the two mutually acting bodies. Such forces are pre- 
sented to us by the phenomena of gravity, light, electricity, mag- 
netism, &c. These when examined will be found to present 
remarkable differences in relation to their respective lines of forces ; 
and at the same time that they establish the existence of real physical 
lines in some cases, will facilitate the consideration of ihe question as 
applied especially to magnetism. 

When two bodies, a, b, gravitate towards each other, the line in 
which they act is a straight line, for such is the line which either 
would follow if free to move. The attractive force is not altered, 
either in direction or amount, if a third body is made to act by gravi- 
tation or otherwise upon either or both of the two first. A balanced 
cylinder of brass gravitates to the earth with a weight exactly the 
same, whether it is left like a pendulum freely to hang towards it, or 
whether it is drawn aside by other attractions or by tension, what- 
ever the amount of the latter may be. A new gravitating force may 
be exerted upon a, but that docs not in the least affect the amount of 
power which it exerts towaids h. We have no evidence that time 
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enters in any way into the exercise of this power, whatever the 
distance between the acting bodies, as that from the sun to the 
earth, or from star to star. We can hardly conceive of this force in 
one particle by itself ; it is when two or more are present that we 
comprehend it : yet in gaining this idea we perceive no difference in 
the character of the power in the different particles ; all of the same 
kind are equal, mutual, and alike. In the case of gravitation, no 
effect which sustains the idea of an independent or physical line of 
force is presented to us ; and as far as we at present know, the line 
of gravitation is merely an ideal line representing the direction in 
which the power is exerted. 

Take the Sun in relation to another force which it exerts upon the 
earth, namely, its illuminating or warming power. In this case 
rays (which are lines of force) pass across the intermediate space ; 
but then we may affect these lines by different media applied to 
them in their course. We may alter their direction either by re- 
flection or refraction ; we may make them pursue curved or angular 
courses. We may cut them off at their origin and then search for 
and find them before they have attained their object. They have a 
relation to time, and occupy 8 minutes in coming from the sun to the 
earth : so that they may exist iridependently either of their source or 
their final home, and have in fact a clear distinct physical existence. 
They are in extreme contrast with the lines of gravitating power in 
this respect ; as they are also in respect of their condition at their 
terminations. The two bodies terminating a line of gravitating 
force are alike in their actions in every respect, and so the line 
joining them has like relations in both directions. The two 
bodies at the terminals of a ray are utterly unlike in action ; one is 
a source, the other a destroyer of the line ; and the line ilself has the 
relation of a stream flowing in one direction. In these two cases 
of gravity and radiation, the difference between an abstract and a 
physical line of force is immediately manifest. 

Turning to the case of Static Electricity we find here attractions 
(and other actions) at a distance as in the former cases ; but when 
we come to compare the attraction with that of gpravity, very striking 
distinctions are presented which immediately affect the question of a 
physical line of force. In the first place, when we examine the 
bodies bounding or terminating the lines of attraction, we find them 
as before, mutually and equally concerned in the action ; but they 
are not alike : on the contrary, though each is endued with a force 
which speaking generally is of the like nature^ still they are in such 
contrast that their actions on a third body in a state like either of 
them are precisely the reverse of each other,— what the one attracts 
the other repels ; and the force makes itself evident as one of those 
manifestations of power endued with a dual and antithetical condi- 
tion. Now with all such dual powers, attraction cannot occut unless 
the two conditions of force are present and in face of eadi other 
through the lines of force. Another essential limitation is that 
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these two conditions must be exactly equal in amount, not merely to 
produce the effects of attraction, but in every other case ; for it is im- 
possible so to arrange things that there shail be present or be evolved 
more electric power of the one kind than of the other. Another 
limitation is that they must be in physical relation to each other ; 
and that when a positive and a negative electrified surface are thus 
associated, we cannot cut off this relation except by transferring the 
forces of these surfaces to equal amounts of the contrary forces 
provided elsewhere. Another limitation is that the power is defi- 
nite in amount. If a ball a be charged with 10 of positive electricity 
it may be made to act with that amount of power on another ball b 
charged with 10 of negative electricity; but if 5 of its power be 
taken up by a third ball c charged with negative electricity, then it 
can only act with 5 of power on ball a, and that ball must find or 
evolve 5 of positive power elsewhere r this is quite unlike what 
occurs with gravity, a power that presents us with nothing dual in 
its character. Finally the electric force acta in curved lines. If a 
ball be electrified positively and insulated in the air, and a round metal- 
lic plate be placed about 12 or 15 inches off, facing it and uninsulated, 
the latter will be found, by the necessity mentioned above, in a 
neg^tivt condition ; but it is not negative only on the side facing 
the ball but on the other or outer face also, as may be shewn by a carrier 
applied there, or by a strip of gold or silver leaf hung against that 
outer face. Now the power affecting this face does not pass 
through the uninsulated plate, for the thinnest gold leaf is able to 
stop the inductive action, but round the edges of the face and 
therefore acts in curved lines. All these points indicate the ex* 
istence of physical lines of electric force : — the absolutely essential 
relation of positive and negative surfaces to each other, and their 
dependence on each other contrasted with the known mobility 
of the forces, admit of no other conclusion. The action also in curved 
lines must depend upon a physical line of force. And there is a 
third important character of the force leading to the same result, 
namely, its affection by media having different specific inductive 
capacities. 

When we pass to Djmamic Electricity the evidence of physical 
lines of force is far more patent. A voltaic battery, having its ex- 
tremities connected by a conducting medium, has what has been 
expressively called a current of force running round the circuit, but 
this current is an axis of power having equal and contrary forces in 
opposite directions. It consists of lines of force which are com- 
pressed or expanded according to the transverse action of the con- 
ductor, which changes in direction with the form of the conductor, 
which are found in every part of the conductor, and can be taken 
out from any place by channels properly appointed for the purpose ; 
and nobody doubts that they are physical lines of force. 

Finally as regards a Magnet, which is the object of the present 
discourse. A magnet presents a system of forces perfect in itself. 
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and able, therefore, to exist by its own mutual relations. It has the 
dual and antithetic character belonging to both static and dynamic 
electricity ; and this is made manifest by what are called its polarities, 
t. e. by the opposite powers of like kind found at and towards its 
extremities. These powers are found to be absolutely equal to each 
other ; one cannot be changed in any degree as to amount without 
an equal change of the other ; and this is true when the opposite 
polarities of a qfiagnet are not related to each other, hut to the 
polarities of other magnets. The polarities, or the northness and 
southness, of a magnet are not only related to each other, through 
or within the magnet itself, but they are also related externally to 
opposite polarities, (in the manner of static electric induction) 
or they cannot exist ; and this external relation involves and necessi- 
tates an exactly equal amount of the new opposite polarities to 
which those of the magnet are related. So that if the force of a 
magnet a is related to that of another magnet h, it cannot act on a 
third magnet c without being taken off from h, to an amount pro- 
portional to its action on c. The lines of magnetic force are shewn 
by the moving wire to exist both within and outside of the magnet ; 
also they are shewn to be closed curves passing in one part of their 
course through the magnet; and the amount of those within the 
magnet at its equator is exactly equal in force to the amount in any 
section including the whole of those on the outside. The lines of 
force outside a magnet can be affected in their direction by the use 
of various media placed in their course. A magnet can in no way 
be procured having only one magnetism, or even the smallest excess 
of northness or southness one over the other. When the pola- 
rities of a magnet are not related externally to the forces of other 
magnets, then they are related to each other : t. e. thF northness 
and southness of an isolated magnet are externally dependent on 
and sustained by each other. 

Now all these facts, and many more, point to the existence of 
physical lines of force external to the magnets as well as within. 
They exist in curved as well as in straight lines ; for if we conceive of 
an isolated straight bar magnet, or more especially of a round disc 
of steel magnetised regularly, so that its magnetic axis shall be in 
one diameter, it is evident that the polarities must be related to each 
other externally by curved lines of force ; for no straight line can at 
the same time touch two points having northness and southness. 
Curved lines of force can, as I think, only consist with physical lines 
of force. 

The phenomena exhibited by the moving wire confirm the same 
conclusion. As the wire moves across the lines of force, a current 
of electricity passes or tends to pass through it, there being no such 
current before the wire is moved. The wire when quiescent has no 
such current, and when it moves it need not pass into places wbbre the 
magnetic force is greater or less. It may travel in such a coarse that 
if a magnetic needle were carried through the same course it would 
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be entirely nnaffected magnetically, «. e, it would be a matter of 
absolute indifference to the needle whether it were moving or still. 
Matters may be so arranged that the wire when still shall have the 
same diamagnetic force as the medium surrounding the magnet, and 
so in no way cause disturbance of the lines of force passing through 
both ; and yet when the wire moves, a current of electricity shall be 
generated in it. The mere fact of motion cannot have produced 
this current : there must have been a state or condition around the 
magnet and sustained by it, within the range of which the wire was 
placed ; and this state shews the physical constitution of the lines of 
magnetic force. 

What this state is or upon what it depends cannot as yet be 
declared. It may depend upon the ether, as a ray of light does, 
and an association has already been shewn between light and 
magnetism. It may depend upon a state of tension, or a state of 
vibration, or perhaps some other state analogous to the electric 
current, to which the magnetic forces are so intimately related. 
Whether it of necessity requires matter for its sustentation will 
depend upon what is understood by the term matter. If that is 
to be confined to ponderable or gravitating substances, then 
matter not essential to the physical lines of magnetic force any 
more than to a ray of light or heat ; but if in the assumption of 
an ether we admit it to be a species of matter, then the lines of 
force may depend upon some function of it. Experimentally mere 
space is magnetic ; but then the idea of such mere space must 
include that of the ether, when one is talking on that belief ; or 
if hereafter any other conception of the state or condition of 
space rise up, it must be admitted into the view of that, which 
just now in relation to experiment is called mere space. On the 
other hand it is, I think, an ascertained fact that ponderable matter is 
not essential to the existence of physical lines of magnetic force. 

[M. F.] 



Friday, January 21. 

William Polk, Esq., M.A., F.R.S., Treasurer and Vice-President, 

in the Chair. 

Professor Faraday, 

Observations on the Magnetic Force, 

Inasmuch as the general considerations to be brought forward had 
respect to those great forces of the globe, exerted by it, both as a 
mass and through its particles, namely. Magnetism and Gravitation, 
the attention was first recalled briefly to certain relations and difife- 
rences of the two which had been insisted upon on former occasions. 
Both can act at a distance, and doubtless at any distance : but whilst 
gravitation may be considered as simple and unpolar in its rela- 
tions, magnetism is dual and polar. Hence one gravitating particle 
or system cannot be conceived to act by gravitation, as a particle or 
system, on itself ; whereas a magnetic particle or system, because 
of the dual nature of its force, can have such a self relation. Again, 
either polarity of the magnetic force can act either by attraction or 
repulsion ; and not merely so, but the joint or dual action of a 
magnet can act also either by attraction or repulsion^^s in the 
case of paramagnetic and diamagnetic bodies : the action of gravity 
is always that of attraction. As a further consequence of the difi^e- 
rence in character of 'the powers, little or no doubt was entertained 
regarding the existence of physical lines of force* in the cases 
of dual powers, as electricity and magnetism ; but in respect of 
gravitation the conclusion did not seem so sure. As some further 
relations of the sun and the earth would have finally to be sub- 
mitted, the audience were reminded, by the use of Arago’s idea, 
of the relative magnitude of the two ; for, supposing that the centres 
of the two globes were made to coincide, the sun’s body would 
not only extend as far as the moon, but nearly as far again, its 
bulk being about seven times that of a globe which should be 
girdled by the moon’s orbit. 

For the more careful study of the magnetic power a torsion 
balance had been constructed, which was now shown and its mode 
of operation explained. The torsion wire was of hard drawn pla- 
tinum, 24 inches^ in length, and of such diameter that 28.5 inches 


• Proceedings of the Royal Institution, June 11, 1852, p. 216, also Philoaoph. 
Mag. 4th Series, 1852, 111. p. 401. 




LIBRARY OF SCIENCE 65 

weighed one grain. It was attached as usual to a torsion head 
and index. The horizontal beam was a small glass tube terminated 
at the object end by a glass hook. The objects to be submitted 
to the magnetic force were either cylinders of glass with a fila- 
ment drawn out from each, so as to make a long stiff hook for 
suspension from the beam; or cylindrical bulbs of glass, of like 
shape, but larger size, formed out of glass tube ; or other matters. 
The fine tubular extremities of the bulbs being opened the way 
through was free from end to end ; the bulbs could then be filled with 
any fluid or gas, and be re-submitted many times in succession 
to the magnetic force. The source of power employed was at first 
a large electro-magnet; but afterwards, in order to be certain 
of a constant power, and for the advantage of allowing any 
length of time for the observations, the great magnet, con- 
structed byM. Logeinan upon the principles developed by Dr. Elias, 
(and which, weighing above 100 lbs. could support 430 lbs. ac- 
cording to the report of the Great Exhibition Jury), was purchased 
by the Royal Institution and used in the enquiries. The magnet was 
so arranged that the axis of power was five inches below the 
level of the glass beam, the interval being traversed by the sus- 
pensk'h f.larnent or hook, spoken of above. The form and posi- 
tion of the terminations of soft iron are shewn in plan by the 
diagram upon a scale of and also the place of the object. All 
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this part is enclosed in the box which belongs to and carries the 
torsion balance, which box is governed by six screws fixed upon 
the magnet table ; and as both the box and the table have lines 
and scales marked upon them, it is easy to adjust the former on 
the latter so that the beam shall be over and parallel to the line 
a, e with the point of suspension over c ; or, by moving the whole 
box parallel to itself towards m, to give the point of suspension 
any other distance from the angle c. As already said, the objects 
were constructed with a suspension filament of such length as to 
make them coincide in height with the angle in the magnetic field. 
“When suspended on the beam they were counterpoised by a ring 
or rings of lead on the further arm of the beam. These when 
required were moved along the beam until the latter was horizontal ; 
and that state was ascertained by a double arm support, which 
sustained the beam when out of use, brought it into a steady state 
when moving, and delivered it into a condition of freedom when 
required. The motion of the box to the right or left, so as to place 
the object in the middle of the magnetic angle, was given by two 
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of the screws before spoken of; the motion to the given distance 
from c, by the other four. 

Supposing the distance from c towards m to be adjusted to 
0.6 of an inch, when the beam was loaded above, and no object 
before the magnet (the beam having been of course previously 
adjusted to its normal position and the torsion index placed at 
zero), it then remained to determine the return of the beam to its 
place when the object had been suspended on it and repelled: 
this was done in the following manner. A small plane reflector 
is fixed on the beam, near its middle part, under the point of suspen- 
sion : a small telescope associated with a divided scale is placed 
about 6 feet from the reflector, and in such a position that when 
the beam is in its right place, a given degree in the scale coin- 
cides with the fine wire in the telescope. Of course the scale ap- 
pears to pass by the wire as the beam itself moves, and with a 
double ang^ar velocity, because of the reflexion. As it is easy to 
read to the fiftieth and even to the hundredth of an inch in this way, 
and as each degree occupies apparently 2.4 inches with the radius 
of 6 feet, so an angular motion, or diflerence of of a degree 
could be observed ; and as the radius of the arm of the beam 
carrying the object was 6 inches, such a quantity there would be 
less than 7^^ of an inch : t. e. the return of the beam to its first 
or normal position by the torsion force put on to counteract the 
repulsion, could be ascertained to within that amount. When an 
object was put on the adjusted beam, if diamagnetic it was re- 
pelled ; and then, as the observer sat at the telescope, he, by means 
of a long handle, a wheel, and pinion, put on torsion until the 
place of the beam was restored ; and afterwards the amount of torsion 
read ofl?" on the graduated scale became the measure ^n degrees of 
the repulsive force exerted. At the time of real observations, the 
magnet, balance, and telescope were all fixed in a basement room, 
upon a stone floor. But it is unnecessary to describe here the nu- 
merous precautions required in relation to the time of an obser- 
vation, the set of the suspension wire by a high torsion, the 
possible electricity of the object or beam by touch, the efiect of 
feeble currents of air within the box, the shape of the object, the 
precaution against capillary action when fluids were employed as 
media, and other circumstances ; or the use of certain stops, and 
the mode of procedure in the cases of paramagnetic action ; — the 
object being at present to present only an intelligible view of the 
principles of action. 

When a body is submitted to the power of a magnet, it is afl^ected, 
as to the result, not merely by the magnet, but also by the medium 
surrounding it; and even if that medium be changed for a vacuum, 
the vacuum and the body still are in like relation to each otl^er. In fact 
the result is always differential ; any change in the medium changes 
the action on the object, and there are abundance of .substances 
which when surrounded by air are repelled, and when by water, are 
attracted, upon the approach of a magnet. When a certain small 
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glass cylinder weighing only 66 grains surrounded by air was sub- 
mitted on the torsion balance to the Logeman magnet at the distance 
of 0.5 of an inch from the ax.ial line, it required 15° of torsion to 
overcome the repulsive force and restore the object to its place. 
When a vessel of water was put into the magnetic field, and the 
experiment repeated, the cylinder being now in the water was 
attracted, and 54°.5 of torsion were required to overcome this attrac- 
tion at the given distance of 0.5. If the vessel had contained a 
fluid exactly equal in diamagnetic power to the cylinder of glass, 
neither attraction nor repulsion would have been exerted on the 
latter, and therefore the torsion would have been 0°. Hence the 
three bodies, air, glass (the especial specimen), and water, have their 
relative force measured in relation to each other by the three ex- 
perimental numbers 13°, 0°, and 54°5. If other fluids are taken, 
as oil, ether, &c. and employed as the media surrounding the same 
glass cylinder^ then the degrees of torsion obtained with each of 
them respectively, shews its jdace in the magnetic series. It is the 
principle of the hydrometer or of Archimedes in respect of gravity 
applied in the case of the magnetic forces. If a different cylinder be 
employed of another size Or substance, or at a different distance, 
the torsion numbers will be different, and the zero (given by the 
cylinder) also different ; but the media (with an exception to be 
made hereafter) will have the same relation to each other as in 
the former case. Therefore to bring all the experimental results 
into one common relation, a centigrade scale has been adopted 
bounded by air and water at common temperatures or 60° F. 
For this purpose every separate series of results made under exactly 
the same circumstances included air and water ; and then all the 
results of one series were multiplied by such a number as would 
convert the difference between air and water into 100® : in this way 
the three results given above, become 21°. 6; 0°; and 78°.4. By 
such a process the magnetic intervals between the bodies are ob- 
tained on the centigrade scale, but the true zero is not as yet de- 
termined. Either water, or air, or the glass, may be assumed as the 
zero, the intervals not being in any way dependent upon that point, 
but the results will then vary in expression thus : — 

Air . 0° . 21°6 . 100° 

Glass . 21°6 . 0° . 78°.4 

Water .100° . 78°.4 . 0° 

all above the zero being paramagnetic, and all below diamagnetic, 
in relation to it. I have adopted a vacuum as the zero in the table 
of results to be given hereafter. 

In this manner it is evident that upon principle, any solid, what- 
ever its size, shape, or quality, may be included in the list, by its 
subjection to a magnet in air and in water or in fluids already 
related to these : also that any fluids may be included by the use 
of the same immersed solid body for them, air and water ; and also 
that by using the same vessel, as for ins.tance the same glass bulb. 
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and filling it succesBively with various gases and fluids, including 
always air and water in each series, these included bodies may then 
have their results reduced and be entered upon the list. The 
following is a table of some substances estimated on the centigrade 
scale, and though there are many points both of theory and practice 
yet to be wrought out, as regards the use of the torsion balance 
described, so that the results can only be recorded as approxima- 
tions, yet even now the average of three or four careful experiments, 
gives an expression for any particular substance under the same 
conditions of distance, power, &c. near upon and often within a 
degree of the place assigned to it. The powers are expressed for a 
distance of 0.6 of an inch from the magnetic axis of the magnet as 
arranged and described, and, of course, for eqiuil volumes of the 
bodies mentioned. The extreme decimal places must not be taken 
as indicating accuracy, except as regards the record of the experi- 
ments : they are the results of calculation. Hydrogen, nitrogen, and 
perhaps some other of the bodies near zero, may ultimately turn out 
to be as a vacuum ; it is evident that a very little oxygen would 
produce a diflerence, such as that which appears in nitrogen gas. 
The first solution of copper mentioned was colourless, and the second 
the same solution oxidized by simple agitation in a bottle with 
air, the copper, ammonia, and water being in both the same. 


Prot-ammo. of copper 

134‘?23 

Camphor . 

82^59 

Per- ammo, of copper 

119.83 

Camphine 

82.96 

Oxygen 

. 17.5 

Linseed oil 

85.56 

Air 

. 3,4 

Olive oil , 

85.6 

Olefiant gas 

. 0.6 

Wax 

86.73 

Nitrogen 

. 0.3 

Nitric acid . ^ . 

87.96 

Vacuum 

. 0.0 

Water 

96.6 

Carbonic acid gas 

. 0.0 

Solution of Ammonia . 

98.5 

Hydrogen . ' . 

. 0.1 

Bisulphide of carbon 

99.64 

Ammonia gas 

• 0.5 

Sat. sol. Nitre . 

100.08 

Cyanogen 

. 0.9 

Sulphuric acid . 

104.47 

A Glass 

. 18.2 

Sulphur . 

118. 

Pure Zinc 

. 74.6 

Chloride of Arsenic . 

121.73 

Ether . 

. 75.3 

Fused Borate lead 

136.6 

Alcohol absolute . 

. 78.7 

Phosphorus 


Oil of Lemons 

. 80. 

Bismuth . 

1967.6 


Pliicker in his very valuable paper* has dealt with bodies which 
are amongst the highly paramagnetic substances, and his estimate of 
power is made for equal weights. 

One great object in the construction of an instrument delicate 
as that described, was the investigation of certain pointi in the 
philosophy pf magnetism ; and amongst them especially thfct of the 
right application of the law of the inverse square of the . distance 
as the universal law of magnetic action. Ordinary piagnetic 


Taylor's Scientific Memoirs, V, 713, 730. 
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action may be divided into two kinds, that between magnets 
permanently magnetized and unchangeable in their condition, 
and that between bodies of which one is a permanent un- 
changeable magnet, and the other, having no magnetic state 
of its own, receives and retains its state only whilst in subjection to 
the first. The former kind of action appears in the most rigid and 
pure cases, to be subject to that law ; but it would be premature 
to Eissumc beforehand, and without abundant sufficient evidence, that 
the same law applies in the second set of cases also ; for a hasty 
assumption might be in opposition to the truth of nature, and 
therefore injurious to the progress of science, by the creation of a 
preconceived conclusion. We know not whether such bodies as 
oxygen, copper, water, bismuth, &c., owe their respective para- 
magnetic and diamagnetic relation to a greater or less facility of 
conduction in regard to the lines of magnetic force, or to something 
like a polarity of their particles or masses, or to some as yet 
unsuspected state ; and there is little hope of our developing the 
true condition, and therefore the cause of magnetic action, if we 
assume beforehand the unproved law of action and reject the 
experiments that already bear upon it ; — for Plucker has distinctly 
stated' as the fact, that diamagnetic force increases more rapidly 
than magnetic force, when the power of the dominant magnet is 
increased ; and such a fact is contrary to the law above enunciated. 
The following are further results in relation to this point. 

When a body is submitted to the great unchanging Logeman 
magnet in air and in water, and the results are reduced to the 
centigrade scale, the relation of the three substances remain the 
same for the same distance, but not for different distances. Thus 
when a given cylinder of flint glass was submitted to the magnet 
surrounded by air and by water, at the distance of 0.3 of an inch as 
already described, it proved to be diamagnetic in relation to both ; 
and when the results were corrected to the centigrade scale, and 
water made zero, it was 9°. I below, or on the diamagnetic side of 
water. At the distance 0.4 of an inch it was 10®. 6 below water: 
at the distance of 0.7 it was 12°. I below water. When a more 
diamagnetic body, as heavy glass, was employed, the same result 
in a higher degree was obtained ; for at the distance of 0.3 it was 
37°.8 below water, and at that of 0 8 it was 48°. 6 beneath it. 
Bismuth presented a still more striking case, though, as the volume 
of the substance was necessarily small, equal confidence cannot be 
placed in the exactitude of the numbers. The results are given 
below for the three substances, air being always 100° and water 0° ; 
the first column of figures for each substance contain the distance * 


* A given change of distance necessarily implies change in degree of force, 
and change in the forms of the lines of force ; but it does not imply always 
the same amount of change. The forces are not the same at the same dis- 
tance of 0.4 of an inch in opposite directions from the axial line towards m and 
n in the figure, page 230, nor at any other equal moderate distance ; and though 
by increase and diminution of distance the change is in the same direction, it 
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in tenths of an inch from the axial line of the magnetic field, 
and the second, the place in centigrade magnetic degrees below water. 

Flint Glass. Heavy Glass. Bismuth. 

0.3 — 9°1 0.3 — 37‘;8 0.6 — 1871 ® 

0.4 — 10.6 0.4 — 38.6 1.0 — 2734 . 

0.5 — 11.1 0.6 40.0 1.5 — 3626 . 

0.6 — 11.2 0.8 — 48.6 

0.7 — 12.1 1 . 0 — 51.5 

1.2 — 65.6 

The result here is that the greater the distance of the diamag- 
netic bodies from the magnet, the more diamagnetic is it in relation 
to water, taking the interval between water and air as the standard : 
and it would further appear, if an opinion may be formed from so few 
experiments, that the more diamagnetic the body compared to air 
and water, the greater does this difference become. At first it was 
thought possible that the results might be due to some previous 
state induced upon the body, by its having been nearer to or further 
from the magnet : but it was found that whether the progress of 
the experiments was from small to large distances, or the reverse ; 
or whether, at any given distance, the object was previous to the 
measurement held close up to the magnet or brought from a 
distance, the results were the same;— no evidence of a temporary 
induced state could in any of these ways be found. 

It does not follow from the experiments, if they should be 
sustained by future researches, that it is the glass or the bismuth 
only that changes in relation to the other two bodies. It may be 
the oxygen of the air that alters, or the water, or more probably 
all these bodies i for if the result be a true and natural result in 
these cases, it is probably common to all substances. The great 
point is that the tjiree bodies concerned, air, water, and the subject 
of the experiment, alter in the degree of their magnetic relations 
to each other ; at different given distances from the magnet the 
ratio of their magnetic power does not, according to the experi- 
ments, remain the same ; and if that result be confirmed, then 
it cannot be included by a law of action which is inversely as the 
square of the distance. A hydrometer floating in a fluid and 
subject to the gravity of the earth alone, would (other things being 
the same) stand at the same point, whether at the surface of the 
earth, or removed many diameters of the earth from it. because the 
action of gravity is inversely as the square of the distance : but if 
we suppose the substance of the hydrometer and the fluid to diflfer 
magnetically, as water and bismuth does, and the earth to act as a 
magnet instead of by gravity, then the hydroraetet would, 
according to the experiments, stand at a diflerent point for diflferent 
distances, and if so could not be subject to the former law.' 

is not in the same proportion. By fitly arranged terminations, it miiy be made 
to alter with extreme rapidity in one direction, and with extreme alowneas or 
not at aH in another. 
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The cause of this variation in the ratio of the substances one to 
another, if it be finally proved, has still to be searched out. It 
may depend in some manner upon the forms of the lines of mag- 
netic force, which are different at different distances ; or not upon 
the forms of the lines but the amount of power at the different 
distances ; or not upon the mere amount, but on the circumstance 
that in every case the body submitted to experiment has lines of 
different degrees of force passing through different parts of it, 
(for however different the magnetic or diamagnetic conditions of a 
body and the fluid surrounding it, they would not move at all in 
relation to each other in a field of equal force) ; but whatever be the 
cause, it will be a concomitant of magnetic actions ; and therefore 
ought to be included in the results of any law by which it is supposed 
that these actions are governed. 

It has not yet been noticed that these general results appear to be 
in direct opposition to those of Pliicker, who finds that diamagnetic 
power increases more rapidly than magnetic power with increase of 
force. But such a circumstance, if both conclusions be accordant 
with facts, only shews that we have yet a great deal to learn about 
the physical nature of magnetic force ; and we must not shut our eyes 
to the first feeble glimpses of these effects, because they are incon- 
sistent on both sides with our assumed laws of action ; but rather seize 
them, as hoping that they will give us the key to the truth of 
nature. Bodies, when subject to the power of the magnet appear 
to acquire a new physical state, which varies with the distance or the 
power of the magnet. Each body may have its own rate of increase 
and decrease ; and that may be such as to connect the extreme effect 
of Pliicker, amongst paramagnetic bodies on the one hand, and the 
extreme effects amongst diamagnetic bodies now described, on the 
other ; and when we understand all this rightly, we may see the 
apparent contradiction become harmony, though it may not conform 
to the law of the inverse square of the distance as we now try to 
apply it. 

Pliicker has already said, because of his observations regarding 
paramagnetic and diamagnetic force, that no correct list of magnetic 
substances can be given. The same consequence follows, though in 
a different direction from what has now been stated, and hence the 
reservation before made (p. 232). Still the former table is given as an 
approximation, and it may be useful for a time. Before leaving his 
first account of recent experimental researches, it may be as well to 
state that they are felt to be imperfect and may perhaps even be 
overturned ; but, that as such a result is not greatly anticipated, it 
was thought well to present them to the Members of the Royal 
Institution and the scientific world, if peradventure they might excite 
criticism and experimental examination, and so aid in advancing the 
cause of physical science. 

On a former occasion * the existence of physical lines of force in 


Proceedings of the Royal Institution, p. 21G. 
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relation to magnetism and electricity was inferred from the dual 
nature of these powers, and the necessity in all cases and at all times 
of a relation and dependence between the polarities of the magnet, 
or the positive and negative electrical surfaces. With respect to 
gravity a more hesitating opinion was expressed, because of the 
difficulty of observing facts having any relation to time^ and because 
two gravitating particles or masses did not seem to have any neces- 
sary dependence on each other for the existence or excitement of 
their mutual power^. On the present occasion a passage was 
quoted from Newton which had since been discovered in his works, 
and which, shewing that he was an unhesitating believer in physical 
lines of gravitating force, must from its nature, rank him amongst 
those who sustain the physical nature of the lines of magnetic and 
electrical force : it is as follows, in words written to Bentley : f 
“That gravity should be innate, inherent and essential to matter, 
so that one body may act upon another at a distance through a 
vacuum, without the mediation of anything else, by and through 
which their action and force may be conveyed from one to another, 
is to me so great an absurdity, that 1 believe no man who has in 
philosophical matters a competent faculty of thinking, can ever fall 
into it. Gravity must be caused by an agent acting constantly 
according to certain laws ; but whether this agent be material or im- 
material, I have left to the consideration of my -readers.*' 

Finally, reference was made to Sabine's remarkable observation, 
sustained as it has been by Wolf, Gautier, and others, of certain coin- 
cidences existing between the appearance of solar spots and the 
diurnal variation of the magnetism of the earth. ^hwabe has 
been engaged in carefully observing the spots on the Sun since the 
year 1826. He has found them graduaUy to increase in number and 
sixe from year to year, and then decrease ; then again increase, ag^in 
to decrease, and so on in a regular period of about ten years. The 
following is a part of his table I giving the years of the maxima and 
minima of spots : 


1826 

1828 

1833 

1837 

1843 

1848 

1851 


Groups in the 
year. 

. . 225 . . 
. . 33. . 

. . 333 . . 
. . 34. . 

. . 330 . . 


Days of no 
spots. 

0 . . 
. . 139 . . 
0 . . 
. . 149 . . 
0 . . 


Days of 
observation. 

. . 282 
. . 267 
. . 168 
. .312 
. . 278 


* Philosophical Magazine, 4th Scries, 1852, 111. 403. (3246.) 
t Newton's Works, Horsley’s edition, 4to. 1783,Vol. IV. p.438, or the Third 
Letter to Bentley. 

X Humboldt’s Cosmos, 111. 291, 292. Biblioth^que Universelle, 1852, XX. 184. 
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Lamont (Dec. 1851) * * * § was induced by recent researches in 
atmo8p)ieric magnetism, to examine the daily magnetic variation in 
declination, and found that, as a whole, it increased and diminished, 
and then increcused again, having a regular variation of about ten 
years : the year 1844 was given as having a minimum variation of 
6'. 61 and the year 1848 as presenting a maximum variation of 
11M5. 

SABiNsf (March, 1852) in searching for periodical laws amongst the 
mean effects of the larger magnetic disturbances, found a 'simultaneous 
period of increase and decrease both at Hobarton and Toronto, on 
opposite sides of the globe ; the minimum effect was in 1843, and the 
maximum effect in 1848, according therefore almost exactly with 
Lamont’s observations at Munich. But, besides that, he pointed 
out the extraordinary circumstance that this similar variation of the 
daily magnetic declination is the same in length of period as that 
discovered by M. Schwabe for the solar spots ; and still more, that 
the maxima and minima of these two most different phenomena 
coincide; for 1843 presents the least diurnal variation and the 
smallest number of solar spots, and 1848 the largest magnetic 
variatioiu>rd the greatest number of solar obscurations. He has 
also observed that the same period of increase and decrease exists 
with the same epochs in the diurnal variation of the magnetic 
inclination of the earth’s magnetic force in both hemispheres. The 
phenomenon is general both as regards all the magnetic ele- 
ments, and in parts of the globe most distant from each other. 

Gautier appears to have been struck with the same coincidence ; 
but did not publish his idea until July 18524 Wolf of Berne, who 
has sought far into the history of the sun spots, had the same 
thought, publishing it first at the end of July or beginning of 
August, 1852. § He endeavours to trace the general condition of 
the spots from the year 1 600, and concludes that the true length of 
the period is 11.11 years. As it is impossible to conceive such a 
coincidence in the length of the period and the time of the maxima 
and minima of these two greatly differing phenomena, without 
believing in some relation of them to a common cause; so, the 
observation of such a coincidence at this moment ought to urge us 
more than ever into an earnest and vigorous investigation of the 
true and intimate nature of magnetism ; by means of which we now 
have hopes of touching in a new direction, not merely this remark- 
able force of the earth, but even the like powers of the sun itself. 

[M. F.] 


• Poggendorflf, Annalen, LXXXIV. p. 572. 

t Philosophical Transactions, 1852, page 103. 

X Biblioth^que Universelle, 1852, XX. 189. 

§ Proceedings of Natural Society of Berne, Nos. 245 — 247. 



Friday, Jan. 28 . 


R. Grove, Esq., M.A., F.R.S., Vice-President, 
in the Chair. 

Professor Williamson, 

On Gerhardt's discovery of Anhydrous Organic Acids. 

The discovery by M. Gerhardtof a number of anhydrous organic 
acids has thrown so much light on one of the most important 
questions of chemical philosophy, that it constitutes one of the 
most remarkable illustrations of the manner in which the rich 
materials of organic chemistry may be brought to bear on the 
explanation of the phenomena of chemical action and the laws 
of chemical combination. 

It is not unworthy of remark, that the bodies prepared by 
Gerhardt had for some years past been supposed to exist ready 
formed in combination with water and other bases, and that the 
chief objection to that supposition was founded on the circum- 
stance of their never having been separated from such conibi- 
nation> and presented in an isolated form. In fact Gerhardt has 
supplied the very link in the chain, which was expected to constitute 
evidence for a familiar theory of the constitution of^alts. But 
the process by which the result was attained is even more im« 
portant than the result itself, and has led to our drawing from that 
result a conclusion different from that which was generally ex- 
pected. Chemistry aims at discovering the nature of that action 
by which substances of opposite properties undergo those re- 
markable changes which we call chemical combination ; and it 
naturally follows from this view of its objects, that chemical 
science is more advanced by the discovery of a new process than 
by the discovery of a new substance ; and its theories are more 
immediately affected by the nature of a process of change 
than by any physical fact, such as the existence of a peculiar body 
or class of bo^es. Thus it is that the method of isolating the 
anhydrous organic acids, has afforded evidence of a new view of 
the constitution of acids and salts. 

A few words may serve to give an idea of the previcms state 
of the question. 

Compounds *of oxygen-acids were supposed to consist of the 
anhydrous acid united with an oxide. Thus hydrated sulphuric 
acid was represented as containing the anhydrous group S O3 
plus an atom of water H^O ; and in the saturation of this hydrated 
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acid by a base such as potash, it was conceived that this oxide 
replaced the water. The existence of anhydrous sulphuric acid 
in an isolated state^ and the fact that it so readily combines 
with water, was urged as an argument in favour of this theory ^ 
and the same holds good with phosphoric, carbonic, sulphurous, 
lactic, nitrous, and even (according to the recent discovery of 
Dessaignes) nitric acid. 

However simple this view might appear and however satis- 
factory it might be in explaining those cases of combination for 
which it was specially intended, chemists soon became acquainted 
with bodies perfectly analogous in their general properties to the 
oxygen-acids, and producing by their action upon bases similar 
effects, but which, from the fact of their containing no oxygen, 
could not possibly be conceived as made up of water and an 
anhydrous-acid. For instance, hydrochloric acid was proved, 
both analytically and synthetically, to be composed of nothing 
but chlorine and hydrogen ^ and when it combines with potash, 
the hydrogen is found to leave the chlorine, whilst potassium 
takes its place. 

Being desirous of simplifying as far as possible their views 
of these phenomena, and of extending the same explanation to 
all like cases, certain chemists were led to imagine a new mode 
of representing the constitution and reactions of oxygen -acids, 
which had the advantage of connecting the two classes of ana- 
logous reactions by the same theory. This consisted in con- 
ceiving, that in the formation of a hydrated acid, a compound 
radical is produced in combination with hydrogen ; so that hydrated 
sulphuric acid is the hydrogen-compound of S O^, in the same 
way as hydrochloric acid is the hydrogen-compound of chlorine. 
There were many arguments in favour of this view, amongst 
which the most prominent was derived from the fact, that when 
a salt of the one class, as chloride of potassium, decomposes a salt 
of the other, as sulphate of silver, the result is exactly in con- 
formity with what must occur on the supposition of the compound 
radical j and in like manner, the electrolytic decomnosilion of a 
sulphate moves the group S to the positive pole, where it 
either combines with a metal or undergoes decomposition. 

One of the strongest arguments against the view that the 
oxygen-acids contain water, is afforded by the results of recent 
researches (especially of MM. Laurent and Gerhardt) on the atomic 
weight of acids. Those chemists have rendered more definite and 
exact than they had been before, our ideas on the distinctions 
between monobasic, bibusic, and tribasic acids, and have clearly 
established that the correct expression of the atom of nitric acid 
must be such as contains half as much hydrogen as is contained in 
one atom of water (inasmuch ns water is bibasic, and nitric acid 
monobasic). Of course this proportion may be as well established 
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by doubling, the atomic weight of water as by halving that of 
hydrated nitric acid ; but either way it is clear that hydrated 
nitric acid cannot contain water. 

Such was the position of the question^ when an English chemist 
proved that the formation of ether fiom alcohol (which was con- 
sidered chemically as the hydrate of ether,) does not consist in a 
separation of two already formed compounds, but in a substitution 
of hydrogen by the organic radical ethyl. A similar fact M. Gerhardt 
has proNed respecting a great number of organic acids, by pre- 
paring bodies which stand to them in the same relation as ether 
does to alcohol. 

The researches of M. Cahours had led to the discovery of a 
series of bodies necessary for Gerhardt's process. These were 
obtained by the action of pentacbloride of phosphorus on 
various hydrated organic acids, and consisted of chlorine combined 
with the oxygenized radical of the add. Thus from benzoic 
acid was prepared the chloride of benzoil, C, H5 O Cl, and the 
corresponding bodies, from cuminic, cinnamic, and various other 
acids. Gerhardt has since made by the same process the body 
C, H3 O Cl, which is the chloride of the radical of acetic acid, 
called othyh Now, on bringing any one of these chlorides in 
contact with the potassium-salt of the corresponding acid, the 
chemical force of combination between chlorine and potassium 
induced the decomposition. 

These results can be most simply stated in the form adopted 
by M. Gerhardt the discoverer, which consists in comparing the 
composition of these bodies with that of water, from which they are 
formed by the substitution of one or both atoms of hydrogen by 
organic radicals. 

Thua water being represented by the formula O, acetic acid is 

formed from it by the action of chloride of othyl H3 O Cl, 
C H O 

which forms * O -|- H Cl i. e. hydrated acetic acid and 

hydrochloric acid. If a second atom of chloride of othyl is made 
to act upon this acetic acid, or better upon the acetate of potash 

^ O, we get, besides chloride of potassium, a compound 
C H O 

^ which when compared to the original type, iiiay be con- 

L'a “3 

sidered as water having both its atoms of hydrogen replaced by 
the radical othyl, C, H3 O. This compound is the anhydrous 
acetic acid which might be called the acetate of othyl, ir^asmuch 
as that radical has, in the formation of the compound, taken the 
place of the balic potassium in the acetate of potash 

C H O 

In like manner, the anhydrous benzoic acid (j’ h* q ^ made 
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by the action of the chloride of ben zoil C, OCl on the benzoate 

of potash. It is a crystalline body, perfectly neutral to test paper, 
scarcely soluble in water, readily soluble in alcohol and ether. 
On continued boiling with water, it is converted into hydrated 
benzoic acid, one atom of the anhydride with one atom of water 
forming two atoms of the hydrated acid by an interchange of 
hydrogen and benzoil. Besides several of these anhydrous acids, 
Gerhardt has prepared some intermediate acids, analqgous to the 
intermediate ethers, by combining two different radicals in the 
same group. Thus chloride of benzoil with cuminate of potash 
C H O 

K** O formed cuminate of benzoil or benzocuminic acid 
C H O 

r' ° ^ O O ; and in like manner, several other intermediate acids 

were prepared. 

In conclusion, to this very brief exposition of this important 
series of discoveries, the Lecturer alluded to a feature of the 


development of the human mind in scientific research, which is 
strikingly illustrated by the substance and form of these results, 
and which instances are probably to be found in the history of 
many others. The explanation of the above reactions consists in 
a combination of two modes of reasoning, which were developed 
by different schools, and for many years were used independently 
of one another. Gerhardt, to whose researches and writings some 
important steps in the doctrine of types are owing, formerly 
believed the truths which he saw from that point of view to be 
incompatible with the idea of radicals, but he now joins those 
chemists who find in each of these notions a necessary and most 
natural complement to the other. 

May we not hope that such may be the result in other cases of 
difference of opinion on scientific questions, which the progress of 
knowledge will shew to have been owing to the incompleteness 
and one-sidcdness of each view, rather than to anything absolutely 
erroneous in either ? 


[A. W. W.] 



Friday, February 1 1 . 

The Duke of Northumberland, K.G., F.R.S., President, 
in the Chair. 

John Tfndall, Esq., Ph. D., F.R.S. 

On the influence of Material Aggregation upon the manifestations 

of Force. 

There are no two words with which we are more familiar than 
matter and force. The system of the universe embraces two things, — 
an object acted upon, and an agent by which it is acted upon ; — the 
object we call matter, and the agent we call force. Matter, in cer- 
tain aspects, may be regarded as the vehicle of force ; thus the 
luminiferous ether is the vehicle or medium by which the pulsations 
of the sun are transmitted to our organs of vision. Or to take a 
plainer case ; if we set a number of billiard balls in a row and impart 
a shock to one end of the series, in the direction of its length, we 
know what takes place ; the last ball will fly away, the intervening 
balls having served for the transmission of the shock from one end 
of the series to the other. Or we might refer to the conduction of 
heat. If, for example, it be required to transmit heat from the fire 
to a point at some distance from the fire, this may be effected by 
means of a conducting body — by the poker for instance : thrusting 
one end of the poker into the fire it becomes heated, the heat makes 
its way through the mass, and finally manifests itself at the other 
end. Let us endeavour to get a distinct idea of what we here call 
beatj let us first picture it to ourselves as an agent apart from the 
mass of the conductor, making its way among the particles of the 
latter, jumping from atom to atorn, and thus converting them into a 
kind of stepping-stones to assist its progress. It is a probable con- 
clusion, even had we not a single experiment to support it, that the 
mode of transmission must, in some measure, depend upon the man- 
ner in which those little molecular stepping-stones are arranged. 
But we need not confine ourselves to the material theory of heat. 
Assuming the hypothesis which is now gaining ground, that heat, 
instead of being an agent apart from ordinary matter, consists in a 
motion of the material particles ; the conclusion is equally probable 
that the transmission of the motion must be influenced by the man- 
ner in which the particles are arranged. Does experimental science 
furnish us with any corroboration of this inference ? It does. More 
than twenty yeafs ago MM. De la Rive and De Candolle proved that 
heat is transmitted through wood with a velocity almost twice as 
great along the fibre as across it. This result has been recently 
expanded, and it has been proved that this substance possesses three 
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axes of calorific conduction ; the first and greatest axis being parallel 
to the fibre ; the second axis perpendicular to the fibre and to the 
ligneous layers ; while the third axis, which marks the direction in 
which the greatest resistance is offered to the passage of the heat, is 
perpendicular to the fibre and parallel to the layers. 

But it is the modification of the magnetic force by the peculiari- 
ties of aggregation, which forms the subject of the evening's 
lecture. What has been stated regarding heat applies with equal 
force to magnetism. The observed magnetic phenomena are of a 
composite character. The action of a magnetic mass is the re- 
sultant action of its molecules, and will be influenced by the manner 
in which they are aggregated. The fundamental phenomena of mag- 
netism are too well known to render it necessary to dwell upon 
them for an instant. A small bar of iron was suspended in the 
magnetic field ; it set its length parallel to the line joining the poles. 
Should we be justified from this experiment in concluding that a mag- 
netic mass will always set its longest dimension axial ? No. A 
second magnetic bar, equal in size to the former, was suspended 
between the poles; it set its length at right angles to the line 
joining the poles. Whence this deportment } We find the reason 
of it in the mechanical structure of the bar : it is composed of mag- 
netic plates, transverse to its length : these plates set from pole to 
pole and hence the length of the bar equatorial. But let us proceed 
from this coarse experiment to one more delicate, where nature 
herself has imposed the conditions of aggregation. A plate taken 
from a mass of shale, picked up a few weeks ago in the coal district 
of Blackburn, was suspended between the poles ; although strongly 
magnetic it set its longest dimension at right angles to the line 
joining the poles. This deportment was at once explained by re- 
ference to the structure of the mass : it also, though apparently 
compact, was composed of layers transverse to its length ; these 
layers set from pole to pole and hence the length equatorial. Let 
us ascend to a case still more refined. A crystal of sulphate of 
nickel was suspended between the poles, and on exciting the magnet 
a certain determinate position was taken up by the crystal. The 
substance was magnetic, still its shortest dimension set from pole to 
pole. The crystal was removed from the magnetic field and the edge 
of a penknife placed along the line which set axial ; a slight pressure 
split the crystal and disclosed two beautiful surfaces of cleavage. 
The crystal could in this way be cloven into an indefinite number of 
magnetic layers ; these layers set from pole to pole and hence the 
longest dimension, which was perpendicular to the layers, equatorial. 
Comparing all these experiments, — ascending from the gross case 
where the laminae were plates of iron stuck together by wax, to 
that in which they were crystalline, the inference appears unavoidable 
that the unanimity of deportment exhibited is the product of a com- 
mon cause ; and that the results are due to the peculiarities of material 
aggi'^gation. 
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The beautiful researches of Pliicker in this domain of science are 
well known. Pliicker's first experiment was made with a plate of 
tourmaline. Suspended in the magnetic field with the axis of the 
crystal vertical, it set its length from pole to pole, like an ordinary 
magnetic body. Suspended with the axis of the horizontal, on 
exciting the magnet, Pliicker found to his astonishment that the 
largest dimension set equatorial. Let us see whether we cannot 
obtain this deportment otherwise. Suspending the piece of shale 
already made use of, so that its laininie were horizontal, on exciting 
the magnet the longest horizontal dimension of the plate set axial : 
moving the point of suspension 90*' so that the laminae were vertical, 
on exciting the magnet the length of the plate set equatorial. In 
the magnetic field the deportment of the crystal was perfectly 
undistinguisliable from that of the shale. But it may be retorted 
that tourmaline possesses no such laminae as those possessed by the 
shale : true — nor is it necessary that it should do so. A number 
of plates, bars, and disks, formed artificially from magnetic dust, 
exhibited a deportment precisely similar to the tournaline, — sus- 
pended from one point they set their lengths axial, suspended from 
another point the lengths set equatorial. Let us now turn to 
what may be called the complementary actions exhibited by dia- 
magnetic bodies. A homogeneous diamagnetic bar sets its length 
equatorial. But bars were exhibited composed of transverse dia- 
magnetic laminae which set their lengths axial. This experiment is 
complementary to that of the shale, &c. ; the magnetic laminae set 
axial, the diamagnetic equatorial; and by attention to this the 
magnetic body is made to behave like a homogeneous diamagnetic 
body, and the diamagnetic body like a homogeneou^magnetic 
body. Diamagnetic bars and disks were also examined, and a 
deportment precisely complementary to that of the magnetic bars 
and disks was exhibited. A magnetic disk set its thickness from 
pole to pole and consequently its horizontal diameter equatorial ; a 
diamagnetic disk set its thickness equatorial and its horizontal 
diameter from pole to pole. Two bodies of the same exterior form 
and of the same colour, were suspended simultaneously in the fields 
of two electro-magnets, and both the latter were excited by the 
same current ; the eye could detect no diflerence of deportment. 
Both bodies possessed the shape of calcareous spar, and both set 
the crystallographic axis equatorial. One body however was com- 
posed of wax, while the other was a true crystal. In the same 
way a crystal of carbonate of iron exhibited a deportment precisely 
the same as that of a model formed of magnetic dust. The 
explanation of these phenomena may be given in a few yvords. 
In the construction of the models, the magnetic or diam^netic 
dust was formed into a kind of dough and pressed betwe^ two 
glass plates ; the same process was applied to the wax ; and it is 
a universal law, that in diamagnetic bodies the line along which the 
density of the mass has been increased by compression, sets equatorial. 
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and in magnetic bodies axial. A reference to this principle will 
instantly render plain all the experiments we have described. In 
those cases where the same artificial bar set at one time axial and 
at another time equatorial, the deportment depended on the circum- 
stance whether the line of compression was vertical or horizontal. 
When vertical its directive power was annulled, and the action 
was determined by the exterior form of the body ; but when 
horizontal its directive action came into play and determined the 
position of the mass. The magnetic bar, for example, suspended 
with its line of pressure vertical, set axial, but with its line of 
pressure horizontal, it set equatorial j for the pressure was exerted 
at right angles to its length. This action is so general that it is 
difficult to find a body so perfectly homogeneous as not to exhibit it 
in some degree. Ipecacuanha lozenges and Carlisle biscuits were 
suspended in the magnetic field and exhibited a most striking 
directive action. The materials in both cases were diamagnetic ; 
but owing to the pressure exerted in their formation their largest 
horizontal dimensions set from pole to pole, the line of compression 
being equatorial. 

Let m <»ndeavour to arrive at the precise logical import of these 
experiments. Let us suppose that before ever a crystal had been 
suspended in the magnetic field, we were acquainted with the fact 
that a slight change of density in any direction is accompanied by 
such modifications of the magnetic force as those above described : 
— that we knew that flour, bran, soap, shale, magnetic dust, diamag- 
netic dust, &c., all exhibited this directive action, — that it is in fact 
a universal law of matter ; and then let us imagine some fortunate 
experimenter hanging a crystal between the poles and observing a 
deportment in every respect similar. Would not the analogy of 
the case at once flash upon him? Would he not regard this de- 
portment as a beautiful, but still special example of that all-pervading 
law with which he was previously acquainted. Would he not con- 
gratulate himself on the possibility thus opened to him of searching 
out the mysteries of crystalline structure, and rendering apparent to 
his mental eye the manner in which the molecules are aggregated 
together. He would never have assumed the existence of forces al- 
together new to account for the observed actions ; much less would 
he have affirmed that they were wholly independent of magnetism or 
diamagnetism ; for he would know beforehand that the modification 
of these forces by the peculiarities of aggregation was the exact 
thing calculated to produce the phenomena. But magne-crystallic 
action was discovered when its universality was unknown ; and 
hence its discoverer was led to regard it as something unique. A 
great temptation lay in his way : years before, a magnet, now 
present, had twisted a ray of light, and thus suggested a connexion 
between light and magnetism. What wonder then if this unifying 
instinct, this yearning to find the mystic bond which unites these 
forces, this prediction of the human mind that all the forces of 
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nature are but branches of a common root, — what wonder, I say, if 
it jumped its bounds and cried '* I have it ! ** too soon. For a 
long time the optic axis, and it alone, was chargeable with these 
phenomena, — phenomena which it was now hoped, there would be 
little difficulty in referring to their proper cause, and regarding as 
examples of the modification of force by the peculiarities of aggre- 
gation. 

The Lecturer then pointed out the bearing of the described results 
upon the problem of the diurnal range of the magnetic needle. Pro- 
fessor Faraday had referred the matter to the modification of atmos- 
pheric magnetism by the sun’s rays. That an effect was produced 
here could not for a moment be doubted, but the precise extent of 
this effect was still an open question. The discovery of a decimal 
period by Lamont threw a great difficulty in the way of any theory 
which would refer the diurnal range to thermic action ; and the 
difficulty was greatly increased by the observation of Col. Sabine, 
who connected Lament’s discovery with that of Schwabe regarding 
the solar spots. But whatever the result of future enquiries as to 
the direct magnetism of the sun may be, no theory which proposes 
to exhaust the subject can afford to omit the mediate operation of 
the sun by his heat ; not however confining it to the atmosphere, but 
extending it also to the earth’s solid crust. Let us look once more to 
our experiments. The line of greatest density is that of strongest 
magnetic power. The body operated upon by the magnet is itself a 
magnet, and it is an experimental fact, that it is a stronger magnet 
along the line of greater density than along any other line. If in- 
stead of increasing the density in one direction we increase it in all 
directions, we thereby augment the general magnetic power of the 
body. Anything therefore which tends to increase density increases 
magnetic power; anjl whatever diminishes density diminishesmagnetic 
power also. Knowing this, the conclusion is inevitable, that the 
local -action of the sun upon the earth's crust must influence, in some 
degree, the resultant effect. The action here meant is wholly diffe- 
rent from that hitherto speculated on, and which had reference to the 
generation of thermo-electric currents which affect the needle. The 
simple mechanical change of density is what is meant. It is a true 
cause, and no complete theory can omit taking it into account. 

The Lecturer then proceeded to remark on the influence of geo- 
logic changes upon the earth as a magnet, and concluded as follows : 

“ This evening’s discourse is, in some measure, connected with 
this locality ; and thinking thus, I am led to enquire wherein the 
true value of a scientific discovery consists ? Not in its immediate 
results alone, but in the prospect which it opens to intdlectual 
activity, in the hopes which it excites, in the vigour which it 
awakens. Th® discovery which led to the results brought before 
you to-night was of this character. That magnet was the physical 
birth-place of these results ; and if they possess any value they are 
to be regarded as the returning crumbs of that bread which in 1846 
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was cast so liberally upon the waters. I rejoice, L»idie8 and Gentle- 
men, in the opportunity here afforded me of offering my tribute to 
the greatest worker of the age, and of laying some of the blossoms 
of that prolific tree which he planted, at the feet of the great dis- 
coverer of diamagnetism.'* 

[J. T.] 



Friday, February 18. 

The Duke op Northumberland, K.G., F.R.S., President, 
in the Chair. 

G. G. Stokes, M.A., F.R.S., Lucasian Professor, Cambridge. 

On the Change of Refrangibility of Light, and the exhibition thereby 
of the Chemical Rays, 

Before proceeding to the more immediate subject of the Lecture, 
it was necessary to refer to certain discoveries of Sir John Herschel 
and Sir David Brewster, more especially as it was the discovery by 
the former of these philosophers of the epipolic dispersion of light, 
and of the peculiar analysis of light which accompanies tlie pheno- 
menon, that led to the researches respecting the change of re- 
frangibility. 

When a weak acid solution of quinine is prepared, by dissolving, 
suppose^ one part of the commercial disulphate in 200 parts of water 
acidulated with sulphuric acid, a fluid is obtained which appears 
colourless and transparent when viewed by transmitted light, but 
which exhibits nevertheless in certain aspects a peculiar sky-blue 
colour. This colour of course had frequently been noticed ; but it 
is to Sir John Herschel that we owe the first analysis of the pheno- 
menon.* He found that the blue light emanates in all directions 
from a very thin stratum of fluid adjacent to the surface, (whether it 
be the free surface or the surface of contact of the fluid with the con- 
taining glass vessel,) by which the incident rays enter the fluid. 
His experiments clearly shew that what here takes place is not a 
mere subdivision of light into a portion which is dispersed s^nd a 
portion which passes on, but an actual analysis. For after the rays 
have once passecP through the stratum from which the blue dis- 
persed light comes, they are deprived of the power of producing the 


* Philosophical Transactions for 1845, p. 143. 
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same effect ; that is, they do not exhibit any blue stratum when they 
are incident a second time on a solution of quinine. To express the 
modification which the transmitted light had undergone, the further 
nature of which did not at the time appear, Sir John Herschel made 
use of the term epipolized.** 

Sir David Brewster had several years before discovered a re- 
markable phenomenon in an alcoholic solution of the green colouring 
matter of leaves, or, as it is called by chemists, chlorophyll. This 
fluid when of moderate strength and viewed across a moderate thick- 
ness is of a fine emerald green colour ; but Sir David Brewster 
found that when a bright pencil of rays, formed by condensing the 
sun*s light by a lens, was admitted into the fluid, the path of the rays 
was marked by a bright beam of a blood red colour.* This singular 
phenomenon he has designated internal dispersion. He supposed it 
to be due to suspended particles which reflected a red light, and 
conceived that it might be imitated by a fluid holding in suspension 
an excessively fine coloured precipitate. A similar phenomenon was 
observed by him in a great many other solutions, and in some solids ; 
and in a paper read before the Royal Society of Edinburgh in 1846 
he has i*ntered fully into the subject. f In consequence of Sir John 
HerscheFs papers, which had just appeared, he was led to examine 
a solution of sulphate of quinine ; and he concluded from his ob- 
servations that the “ epipolic** dispersion of light exhibited by this 
fluid was only a particular instance of internal dispersion, distin- 
guished by the extraordinary rapidity with which the rays capable 
of dispersion were dispersed. 

The Lecturer stated, that, having had his attention called some 
time ago to Sir John Herschel’s papers, he had no sooner repeated 
some of the experiments than he felt an extreme interest in the phe- 
nomenon. The reality of the epipolic analysis of light was at once 
evident from the experiments; and he felt confident that certain 
theoretical views respecting the nature of light had only to be fol- 
lowed fearlessly into their legitimate consequences, in order to explain 
the real nature of epipolized light. 

The exhibition of a richly coloured beam of light in a perfectly 
clear fluid, when the observation is conducted in the manner of Sir 
David Brewster, seemed to point to the dispersions exhibited by the 
solutions of quinine and chlorophyll as one and the same phe- 
nomenon. The latter fluid, as has been already stated, disperses 
light of a blood red colour. When the transmitted light is subjected 
to prismatic analysis, there is found a remarkably intense band of 
absorption in the red, besides certain other absorption bands, of less 
intensity, in other parts of the spectrum. Nothing at first seemed 
more likely than that, in consequence of some action of the ultimate 
molecules of the medium, the incident rays belonging to the absorp- 

* Edinburgh Phil. Trans. Vol. XII. p. 542. 

t Vol. XVI. Part 2, and Phil. Mag. June, 1848. 
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tion band in the red, withdrawn, as they certainly were, from the 
incident beam, were given out in all directions, instead of being 
absorbed in the manner usual in coloured media. It might be sup- 
posed that the incident vibrations of the luminiferjus ether 
generated synchronous vibrations in the ultimate molecules, and 
were thereby exhausted, and that the molecules in turn became 
centres of disturbance to the ether. The general analogy between 
the phenomena exhibited by the solutions of chlorophyll and of 
quinine would lead to the expectation of absorption bands in the 
light transmitted by the latter. If these bands were but narrow, 
the light belonging to them might not be missed in the transmitted 
beam, unless it were specially looked for ; and the beam might be 
thus “ epipolized,’* without, to ordinary inspection, being changed 
in its properties in any other respect. But on subjecting the light 
to prismatic analysis, first with the naked eye, and then with 
a magnifying power, no absorption bands were perceived. 

A little further reflection shewed that even the supposition of the 
existence of these bands would not alone account for the phenomenon. 
For the rays producing the dispersed light, (if we confine our 
attention to the thin stratum in which the main part of the dis- 
persion takes place,) are exhausted by the time the incident light 
has traversed a stratum the fiftieth of an inch thick, or there- 
abouts, whereas the dispersed rays traverse the fluid with perfect 
freedom. This indicates a difference of nature between the blue- 
producing rays and the blue rays produced. Now, as the Lecturer 
stated, he felt very great confidence in the principle that the nature 
of light is completely defined by specifying its refrangibility and its 
state as to polarization. The diflference of nature, thea^ indicated 
by the phenomenon, must be referred to a difierence in one Or other 
of these two respects. At first he took for granted that there could 
be no change of refrangibility. The refrangibility of light had 
hitherto been regarded as an attribute absolutely invariable.* To 
suppose that it had changed would, on the undulatory theory, be 
equivalent to supposing that periodic vibrations of one period could 
give rise to periodic vibrations of a different period, a supposition 
presenting no small mechanical difficulty. But the hypotheses 
which he was obliged to form on adopting the other alternative, 
namely, that the diflerence of nature had to do with the state of 
polarization, were so artificial as to constitute a theory which ap- 
peared utterly extravagant. He was thus led to contemplate the 
possibility of a change of refrangibility. No sooner had he dwelt 

* It is true that the phenomenon of phosphorescence is in a certain sense 
an exception ; but the effect is in this case a work of time, which seema at once 
to remove it from ^1 the ordinary phenomena of light, which, as far as s^nse can 
judge, take place instantaneously. It is true that there now appears a close analogy 
in many respects between true internal dispersion and phosphorescenije. But 
while the nature of epipolized light remained yet unexplained, there was nothing 
in the former phenomenon to point to the latter. 
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in his mind on this supposition, than the mystery respecting the 
nature of epipolized light vanished ; all the parts of the phenomenon 
fell naturally into their places. So simple did the whole explanation 
become, when once the fundamental hypothesis was admitted, that 
he could not help feeling strongly impressed that it would turn 
out to be true. Its truth or fallacy was a question easily to be 
decided by experiment ; the experiments were performed, and resulted 
in its complete establishment. 

The Lecturer then described what may be regarded as the funda- 
mental experiment. A beam of sunlight was reflected horizontally 
through a vertical slit into a darkened room, and a pure spectrum 
was formed in the usual manner, namely, by transmitting the light 
through a prism at the distance of several feet from the slit, and 
then through a lens close to the prism. In the actual experiment, 
two or three prisms were used, to produce a greater angular separa- 
tion of the colours. Instead of a screen, there was placed at the 
focus of the lens a vessel containing a solution of sulphate of quinine. 
It was found that the red. orange. See,, in fact, nearly the whole of 
the visible rays, passed through the fluid as if it had been mere 
water. But on arriving about the middle of the violet, the path 
of thic- layH w ithin the fluid was marked by a sky-blue light, which 
emanated in all directions from the fluid, as if the medium had been 
self-luminous. This blue light continued throughout the region 
of the violet, and far beyond, in the region of the invisible rays. 
The posterior surface of the luminous portion of the fluid marked 
the distance to which the incident rays were able to penetrate into 
the medium before they were exhausted. This distance, which at 
first exceeded the diameter of the vessel, decreased with great 
rapidity, so that in the greater part of the invisible region it 
amounted to only a very small fraction of an inch. The fixed lines 
of the extreme violet, and of the more refrangible invisible rays, 
were exhibited by dark planes interrupting the dispersed light. 
"When a small portion of the incident spectrum was isolated, by 
stopping the rest by a screen, and the corresponding beam of blue 
dispersed light was refracted sideways by a prism held to the eye, 
it was found to consist of light having various degree^ of refrangi- 
bility, with colour corresponding, the more refrangible rays being 
more abundant than the less refrangible. The nature of epipolized 
light is now evident ; it is nothing but light from which the highly 
refrangible invisible rays have been withdrawn by transmitting 
it through a solution of quinine, and does not differ from light 
from which those rays have been withdrawn by any other means. 

The fundamental experiment, excepting that part of it which 
relates to the analysis of the dispersed light, was then exhibited by 
means of the powerful voltaic battery belonging to the Institution, 
which was applied to the combustion of metals. The rays emana- 
ting from the voltaic arc were applied to form a pure spectrum, 
which was received on a slab of glass coloured by peroxide of ura- 
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nium, a medium ^hich possesses properties similar to those of a 
solution of sulphate of quinine in a still more eminent degree. 

The difference of nature of the illumination produced by a change 
of refrangibility, or “ true internal dispersion/' from that due to the 
mere scattering of light, may be shown in a very instructive form 
by placing paper washed with sulphate of quinine, or a screen of 
similar properties, so as to receive a long narrow horizontal spec- 
trum, and refracting this upwards by a prism held to the eye. 
Were the luminous band formed on the paper due merely to the 
scattering of the incident rays, it ought of course to be thrown 
obliquely upwards ; whereas it is actu^ly decomposed by the prism 
into two bands, one ascending obliquely, and consisting of the 
usual colours of the spectrum in their natural order, the other 
running horizontally, and extending far beyond the more refran- 
gible end of the former. Whatever be the screen, the horizontal 
band is always situated below the oblique, since there appears to be 
no exception to the law, that when the refrangibility of light is 
changed in this manner it is always lowered. 

The general appearance of some highly •* sensitive *’ media in the 
invisible rays was then exhibited by means of the flame of sulphur 
burning in oxygen, a sourCw of these rays which Dr. Faraday, to 
whose .valuable assistance the Lecturer was much indebted, had in 
some preliminary trials found very efficacious. The chief media 
used were articles made of glass coloured by uranium, and solutions 
of quinine, of horse-chestnut bark, and of the seeds of the datura 
stramonium. A tall cylindrical jar filled with water showed 
nothing remarkable ; but when a solution of horse-chestnut bark 
was poured in, the descending fluid was strongly lucqjpous. The 
experiment was varied by means of white paper on which words 
had been written with a pretty strong solution of sulphate of 
quinine, an alcoholic solution of the seeds of the datura stramonium, 
and », purified aqueous solution of horse-chestnut bark. By gas- 
light the letters were invisible ; but by the sulphur light, especially 
when it had been transmitted through a blue glass, which transmits 
a much larger proportion of the invisible than of the visible rays, 
the letters appeared luminous, on a comparatively dark ground. A 
glass vessel containing a thin sheet of a very weak solution of 
chromate of potash allowed the letters to be seen as well, or very 
nearly as well as before, when it was interposed between the eye 
and the paper ; but when it was interposed between the flame and 
the paper the letters wholly disappeared, — the medium being opaque 
with respect to the rays which caused the letters to be luminous, 
but transparent with respect to the rays which they emitted. 

It was then remarked what facilities are thus afforded for the 
study of the invisible rays. When a pure spectrum is once formed, 
it is as easy to determine the mode of absorption of an absorUng me- 
dium with respect to the invisible, as with respect to the visible rays. 
It is sufficient to interpose the medium in the path of the incident 
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rays, and to notice the eiSect. Again, the effect of various flames 
and other sources of light on solutions of quinine, and on similar 
media, indicates the richness or poverty of those sources with respect 
to the highly refrangible invisible rays. Thus, the flames of alcohol, 
of hydrogen, &c., of which the illuminating power is so feeble, were 
found to be very rich in invisible rays. This was still more the 
case with a small electric spark, while the spark from a Leyden jar 
was found to abound in rays of excessively high refhmgibility. 
These highly refrangible rays were stopped by glass, but passed freely 
through quartz. These results, and others leading to the same 
conclusion, had induced the Lecturer to order a complete train of 
quartz. A considerable portion of this was finished before the 
end of last August, and was applied to the examination of the 
solar spectrum. A spectrum was then obtained extending beyond 
the visible spectrum, that is, beyond the extreme violet, to a distance 
at least double that of the formerly known chemical spectrum. 
This new region was filled with fixed lines like the regions pre- 
viously known. 

But a spectrum far surpassing this was obtained with the powerful 
electrical apparatus belonging to the Institution. The voltaic arc 
from iu*ctHllic points furnished a spectrum no leas than six or eight 
times as long as the visible spectrum. This was in fact the spectrum 
which had already been exhibited in connexion with the funda- 
mental experiment. The prisma and lens which the Lecturer had 
been employing in forming the spectrum were actually made of 
quartz. The spectrum thus obtained was filled from end to end 
with bright bands. When a piece of glass was interposed in the 
path of the incident rays, the length of the spectrum was reduced 
to a small fraction of what it had been, all the more refracted part 
being cut away. A strong discharge of a Leyden jar had been 
found to give a spectrum at least as long as the former, but not, 
like it, consisting of nothing but isolated bright bands. 

Tlie Lecturer then explained the grounds on which he concluded 
that the end of the solar spectrum on the more refrangible side had 
actually been reached, no obstacle existing to the exhibition of rays 
still more refrangible if such were present. He stated also that 
during the winter, even when the sun shone clearly, it weis not 
possible to see so far as before. As spring advanced he found the light 
continually improving, but still he was not able to see so far as he 
had seen at the end of August. It was plain that, the earth's 
atmosphere was by no means transparent with respect to the most 
refrangible of the rays belonging to the solar spectrum. 

In conclusion, there was exhibited the effect of the invisible 
rays coming from a succession of sparks from the prime conductor 
of a large electrifying machine, in illuminating a slab of glass 
coloured by uranium. 


[G. G. S.] 



Friday, May 27. 

Right Hon, Baron Parkb, Vice-President, in the Chair, 


B. C. Brodib, £sq., F.R.S. 

On the formation of Hydrogen and its HomoJogues, 


In, what is termed, mineral chemistry, chemical substances are 
classified according to the different nature of the elements of which 
they consist. But in organic chemistry this distinction is no longer 
available. Organic substances were formerly defined as triple 
compounds of carbon, hydrogen, and oxygen, and this, with the 
statement of the relative proportion of these elements in any given 
compound, was all that was attempted to be made out as to its 
constitution. But this class of bodies is more numerous, possibly, 
than all the other chemical substances taken together, with which 
we are acquainted, and some further distinction was necessary for 
the purposes of science. The sagacity of certain chemists at length 
discovered a relation which was capable of becoming the basis of 
a truly rational and natural classification. It was perceived that 
in the long series of chemical changes of which these bodies were 
susceptible, the whole of the substance did not change, ^nd that, 
in these combinations, certain groups of elements had the same 
persistent character and fulfilled the same chemical function as the 
simple elements themselves in other bodies. These constant 
groups .have been named radicals. Among these those hydro- 
carbons termed the homologues of hydrogen are of special interest. 
Ethyl, a groupe consisting of two atoms of carbon and five of 
hydrogen, Cj Hj, is one of these bodies. Assuming water as two 
atoms of hydrogen and one of oxygen, H H O, alcohol is com- 
posed of one atom of ethyl, one of hydrogen, anci one atom of 
oxygen, (C, Hj) HO. Hydriodic acid, the iodide of hydrogen, 
consists of an atom of hydrogen combined with an atom of iodine, 
H I. The iodide of ethyl consists of an atom of ethyl combined 
with an atom of iodine, (C, H 5 ) I. It is from these and other 
like analogies between hydrogen and ethyl, that the idea arose of 
the similarity in their chemical function. 

Certain chemists however conceived these views to be mere 
fanciful speculations. Their principal objection, reasonable ot not, 
was that this ethyl was a purely ideal substance. From hydro- 
chloric acid, or from water, we* readily procure hydrogen. We 
separate metals from their combinations ; but ethyl could not thus 
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be obtained, and there was a point where it seemed that this analogy 
failed. Frankland however has silenced this objection in the most 
satisfactory manner, namely by procuring and isolating this ethyl. 

He prepared it by a modification of the form of experiment by 
which hydrogen itself is prepared. He placed together zinc and 
iodide of ethyl in tubes hermetically sealed, and heated them 
considerably above the boiling point of water. On opening the 
tubes the ethyl escapes as a colourless combustible gas. There is 
only one property of ethyl on which I need dwell, its weight — it is 
about twice the weight of air. 

Ethyl, however, when procured, did not realize all the anticipa- 
tions formed of it, and there was one very important diflference 
between the actual and the anticipated ethyl. It was supposed 
that when zinc acta upon iodide of hydrogen it takes away 
(so to say) the iodine, and the hydrogen becomes, what is termed, 
free, and the same with ethyl. On this view ethyl would have 
a certain atomic constitution, H^. Now there is much reason 
to believe,' that in the gaseous form the molecules of all bodies 
occupy the same space, whether this molecule consist of two only, 
or, gsM4'^y be the case, of one hundred atoms. Hence to ascertain 
of how many atoms the molecule of a substance consists, we 
have simply to compare its weight in the gaseous form, with that of 
some other gas of which the molecule is already determined. 
"When this experiment was made with ethyl, it was found to be 
just twice as heavy as it should be ; that is to say, the space which 
should have contained two atoms of carbon and five of hydrogen, 
was found to contain just twice that quantity, or Hj 

Some chemists considered that ethyl was an exception to the 
general rule, and that the molecule of ethyl only occupied half the 
space of the molecule of other bodies, so that the same space which 
contained one molecule of water truly contained two molecules of 
ethyl. This however is evidently but an arbitrary assumption to 
meet the case. Others said that, after all, the true ethyl remained 
yet to be discovered, and that this body was not it, but a hydrocarbon 
isomeric with it, for that the real ethyl would have only half the 
density of this body. 

There is, however, a third view, on which the ethyl of theory is 
also the ethyl of fact. On a former occasion I shewed reasons for 
believing that the elements are in a certain sense compound molecu- 
lar groupes, consisting of two or more atoms, which (in the present 
state of our knowledge) we must regard as similar, united to form 
a compound molecule. On this idea the gas hydrogen is re- 
presented, not by the symbol H, but as H H : and ethyl the analogue 
of hydrogen would also consist of a double atom, and be repre- 
sented not as Cj H5, but as Cg Hg C, H^. 

The old view, however, had always a certain advantage over this, 
in the clear and consistent account which it gave of the mode of 
formation of hydrogen. How is it, it may be asked, and by what 
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process, that this compound atom of hydrogen is formed ? The 
answer is by no means obvious. Indeed the investigation of the 
nature of the process by which ethyl was formed, alone gave the 
key to its solution. 

Ethyl is not, in truth, made by the direct action of zinc upon the 
iodide of ethyl ; but by the intervention of another body, which 
belongs to the class of, what I may term, fugitive or evanescent combi- 
nations, and which is made and decomposed again in the course of the 
experiment. This body is zinc-ethyl. The molecule of zinc, con- 
sisting of two atoms Zn Zn, splits into two parts. One atom, 
Zn, combines with the iodine of the iodide of ethyl, H5 I, to 
form iodide of zinc, Zn I, while the other atom at the same moment 
combines with the ethyl, forming zinc-ethyl, Zn C, Hj. 

The mode of action of zinc-ethyl upon iodide of ethyl is perfectly 
analogous to its action upon water. In contact with water, 
H H O, it immediately decomposes, forming hydrated oxide 
of zinc, Zn H O, and hydride of ethyl H5 H. This hydride of 
ethyl has hardly more than half the density of the ethyl gas. 
In the same space in which, in the other case, are contained 
two heavy atoms of ethyl are here contained one heavy atom of 
ethyl and one light atom of hydrogen. Now the zinc-ethyl with 
the iodide of ethyl decomposes in a perfectly similar manner, 
forming iodide of zinc, Zn I, and ethyl gas C^Hg. That 

this is truly the mode of the formation of the ethyl is proved by the 
fact, that by careful modification of the experiment, it is j)ossil)Ie to 
break up this process of the formation of the ethyl into the two 
factors (so to say) of which it consists.* At a low temperature the 
zinc-ethyl alone isformed. At a higher temperature the 'Slnc-ethyl 
disappears and the ethyl is produced. 

It is evident that the formation of the compound molecule of 
hydrogen H H, must be a very different physical event to the 
formation of the single atom of hydrogen H, if such could exist. 
The ordinary hypothesis of the ‘ liberation * of hydrogen gives us 
no conception of its nature : we need some other explanation. 

It seems to me probable that when zinc acts on hydrochloric acid 
and water, there are, as in the case of ethyl, two steps in the process ; 
the first, the formation of a zinc-hydrogen, Zn H, the second, the 
action of this zinc-hydrogen on the water with the formation of 
hydrated oxide of zinc, Zn H O, and hydrogen gas H H. There 
are various arguments in favour of this view. First, it explains the 
result, which the other hypothesis does not. Secondly, the analogy of 
ethyl compels us to it. It is not probable that bodies so similar, in 
other respects, are dissimilar in the mode of their formation. Thirdly, 
there is, at least, one experiment in which we are absolutely aUe to 
analyse the proedts of the formation of hydrogen and to provd that 
it does take place in this manner. 


♦ See Quarterly Journal^ of the Chemical Society, Vol. 111. p. 405. 
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This remarkable experiment is the formation of hydrogen by the 
decomposition of hypophosphorotis acid by copper salts.* H)rpo- 
phosphorous acid is, like zinc, what is termed a reducing agent. It 
precipitates certain metals from their solutions, and by a process of 
disoxydation decomposes alkalies with the formation of phosphorous 
acid and hydrogen. If this hypophosphorous acid be boiled with 
the copper salt, nothing is perceived but the formation of metallic 
copper and hydrogen gas ; but if the solution be gradually heated, 
and the action arrested at a certain point, it can be shewn that this 
formation of hydrogen is preceded by the formation of a combination 
of hydrogen and copper, CujH, analogous to zinc-ethyl. The 
part which this bears in the formation of the hydrogen is distinctly 
shewn by the action of acids, hydrochloric acid, H Cl, for example, 
upon it. This acid, which does not act upon metallic copper, im- 
mediately decomposes this body, forming protochloride of copper, 
CujCl, and hydrogen HH. 

This hydride of copper has only a very ephemeral existence. It 
is decomposed very nearly at the same temperature at which it is 
produced, and its formation, for this reason, had long been overlooked 
by rbfM* We can hence readily comprehend that other combi- 
nations of this class may take place in the case of which the tem- 
perature of formation and of decomposition may either coincide, or 
so closely approximate to each other, that it may ever be impossible 
to isolate the substance produced. This is probably the case in the 
action of zinc. 

[B. C. B.] 


* See Annales de Chiroie, III. Serie, tome XI. p. 250. 


Friday, June 10. 


The Duke cp Northumberland, K.G., F.R.S., President, 
in the Chair. 

Professor Faraday, 

MM* Boussingaulty Fr^my^ Becquerel, S^c, on Oxygen, 

The object of the speaker was to bring* before the Members, in 
the 6rst place, M. Boussingault’s endeavours to procure pure oxygen 
from the atmosphere in large quantities ; so that being stored up in 
gasometers it might afterwards be applied to the many practical and 
useful purposes which suggest themselves at once, or which may 
hereafter be developed. The principle of the process is to heat 
bar 3 rta in close vessels and peroxidize it by the passage of a current 
of air ; and afterwards by the application of the same heat, and a 
current of steam (with the same vessels) to evolve the extra portion 
of oxygen, and receive it in fitly adjusted gasometers : then the 
hydrated baryta so produced is dehydrated by a current of air 
passed over it at a somewhat higher temperature, and finally 
oxidized to excess by the continuance of the current and a lower 
temperature : — and thus the process recurs again and again. The 
causes of failure in the progress of the investigation were^escribed 
as detailed by M. Boussingault ; the peculiar action of water illus- 
trated ; the reason wjiy a mixture of baryta and lime, rather than 
pure baryta, should be used, was given ; and the various other 
points -in the M^moire of M. Boussingault* noticed in turn. That 
philosopher now prepares the oxygen for his laboratory use by the 
baryta process. 


The next subject consisted of the recent researches of MM. Frdmy 
and E.^ecquerel, on the influence of the electric spark in converting 
pure dry oxygen into ozone. The electric discharge from different 
sources produces this effect, but the high intensity spark of the 
electric machine is that best fitted for the purpose. When the 
spark contains the same electricity, its effect is proportionate to its 
length ; for at two places of discharge in the same circuit, hut with 
intervals of 1 and 2, the effect in producing ozone is as 1 ^nd 2 
also. A spark can act by induction ; for, when it passes on the out- 
side a glass tube containing within dry oxygen, and hermetically 


Annales de Chimie, 1852, xxxv. p. 1. 
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sealed, the oxygen is partly converted into ozone. Using tubes of 
oxygen, which either stood over a solution of iodide of potassium or, 
being hermetically sealed, contained the metal silver, the oxygen 
converted into ozone was absorbed ; and the conversion of the whole 
of a given quantity of oxygen into ozone could be thus established. 
The effect for each spark is but small ; 500,000 discharges were re- 
quired to convert the oxygen in a tube about 7 inches long and 0.2 
in diameter into ozone. For the details of this research, see the 
Annales de Chimie, 1852, xxxv. 62. 

Mr. Faraday then referred briefly to the recent views of Schdn- 
bein respecting the probable existence of part of the oxygen in oxy- 
compounds in the ozone state. Thus of the peroxide of iron, the 
third oxygen is considered by him as existing in the state of ozone ; 
and of the oxygen in pernitrous acid, half, or the two latter propor- 
tions added when the red gas if formed from oxygen and nitrous gas, 
are supposed to be in the same state. Hence the peculiar chemical 
action of these bodies ; which seems not to be accounted for by the 
idea of a bare adhesion of the last oxygen, inasmuch as a red heat 
cannot separate the third oxygen from the peroxide of iron ; and 
hence also, according to M. Schonbein, certain effects of change of 
colota* heat, and certain other actions connected with magnetism, 
&c. [M. F.] 



Friday, January 20. 

Right Hon. Baron Parks, Vice-President, in the Chair. 

Professor Faraday, D.C.L., F.R.S. 

On Eleciric Induction — Associated cases of current and 
static effects , 


Certain phenomena that have presented themselves in the course 
of the extraordinary expansion which the works of the Electric 
Telegraph Company have undergone, appeared to me to offer 
remarkable illustiRtions of some fundamental principles of Electricity, 
and strong confirmation of the truthfulness of the view which I 
put forth sixteen years ago, respecting the mutually dependent nature 
of induction, conduction, and insulation (Experimental Researches, 
1318, &c.). I am deeply indebted to the Company ; to the Gutta 
Percha works, and to Mr. Latimer Clarke, for the facts ; and also for 
the opportunity both of seeing and shewing them well. 

Copper wire is perfectly covered with gutta percha at the Com- 
pany’s works, the metal and the covering being in every part 
regdar and concentric. The covered wire is usually made into 
half mile lengths, the necessary junctions being eflfected by^twisting 
or binding, and ultimately, soldering ; after which the place is covered 
with fine gutta perchai in such a manner as to make the coating as 
perfect there as elsewhere : the perfection of the whole operation 
is finally tried in the following striking manner, by Mr. Statham, 
the manager of the works. The half mile coils are suspended from 
the sides of barges floating in a canal, so that the coils are 
immersed in the water whilst the two ends of each coil rise into 
the air : as many as 200 coils are thus immersed at once, and when 
their ends are connected in series, one great length of 100 miles of 
submerged wire is produced, the two extremities of which can be 
brought into a room for experiment. An insulated voltaic battery 
of many pairs of zinc and copper, with dilute sulphuric acid, has one 
end connected with the earth and the other, through a galvanometer, 
with either end of the submerged wire. Neglecting the first effect, 
but continuing the contact, it is evident that the battery current 
can take advanti^e of the whole accumulated conduction of de- 
fective insulation in the 100 miles of gutta percha on the wire, and 
that whatever portion of electricity passes through to the water will 
be shewn by the galvanometer. Now the battery is made one of 
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intensity, in order to raise the character of the proof, and the gal- 
vanometer employed is of considerable delicacy ; yet so high is the 
insulation that the deflection is not more than 5®. As another 
test of the perfect state of the wire, when the two ends of the battery 
are connected with the two ends of the wire, there is a powerful 
current of electricity shewn by a much coarser instrument ; but 
when any one junction in the course of the 100 miles is separated, 
the current is stopped, and the leak or deficiency of insulation ren- 
dered as small as before. The perfection and condition of the 
wire may be judged of by these facts. 

The 100 miles, by means of which I saw the phenomena, were 
thus good as to insulation. The copper wire was of an inch in 
diameter : — the covered wire was ; some was a little less, being 
^ in diameter : — the gutta percha on the metal may therefore be 
considered as 0.1 of an inch in thickness. 100 miles of like 
covered wire in coils were heaped up on the floor of a dry ware- 
house and connected in one series, for comparison with that under 
water. 

Consider now an insulated battery of 360 pairs of plates (4x3 
inches) having one extremity in contact with the earth, the water wire 
with both ils insulated ends in the room, and a good earth discharge 
wire ready for the requisite communications : — when the free battery 
end was placed in contact with the water wire and then removed, 
and, afterwards, a person touching the earth discharge touched also 
the wire, he received a powerful shock. The shock was rather 
that of a voltaic than of a Leyden battery : it occupied time, and 
by quick tapping touches could be divided into numerous small 
shocks : 1 obtained as many as 40 sensible shocks from one charge 
of the wire. If time were allowed to intervene between the charge 
and discharge of the wire, the shock was less : but it was sensible 
after 2, 3, or 4 minutes, or even a longer period. 

When, after the wire had been in contact with the battery, it was 
placed in contact with a Statham’s fuze, it ignited the fuze (or even 
6 fuzes in succession) vividly ; — it could ignite the fuze 3 or 4 
seconds after separation from the battery. When, having been in 
contact with the battery, it was separated and placed in contact 
with a galvanometer, it affected the instrument very powerfully ; — 
it acted on it, though less powerfully, after the lapse of 4 or 5 
minutes, and even affected it sensibly 20 or 30 minutes after it 
had been separated from the battery. When the insulated galvano- 
meter was permanently attached to the end of the water wire, and 
the battery pole was brought in contact with the free end of the 
instrument, it was most instructive to see the great rush of elec- 
tricity into the wire ; yet after that was over, though the contact 
was continued, the deflection was not more than 5®, so high was the 
insulation. Then separating the battery from the galvanometer, and 
touching the latter with the earth wire, it was just as striking to 
see the electricity rush out of the wire, holding for a time the 
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magnet of the instrument in the reverse direction to that due to 
the ingress or charge. 

These effects were produced equally well with either pole of the 
battery or with either end of the wire ; and whether the electric 
condition was conferred and withdrawn at the same end or at the 
opposite ends of the 100 miles, made no difference in the results. 
An intensity battery was required, for reasons which will be very 
evident in the sequel. That employed was able to decompose only 
a very small quantity of water in a given time. A Grove's 
battery of 8 or 10 pair of plates, which would have far sur- 
passed it in this respect, would have had scarcely a sensible power 
in affecting the wire. 

When the 100 miles of wire in the air were experimented with 
in like manner, not the slightest signs of any of these effects were 
produced. There is reason, fVom principle, to believe that an 
infinitesimal result is obtainable, but as compared to the water 
wire the action was nothing. Yet the wire was equally well and 
better insulated, and as regarded a constant current, it was an 
equally good conductor. This point was ascertained, by attaching 
the end of the water wire to one galvanometer, and the end of 
the air wire to another like instrument ; the two other ends of 
the wires were fastened together, and to the earth contact; the 
two free galvanometer ends were fastened together, and to the 
free pole of the battery : in this manner the current was 
divided between the air and water wires, but the galvanometers 
were affected to precisely the same amount. To make the 
result more certaint these instruments were changed one for the 
other, but the deviations were still alike: so that tfap two wires 
conducted with equal facility* 

The cause of *the first results is, upon consideration, evident 
enough. In consequence of the perfection of the workmanship, a 
Leyden arrangement is produced upon a large scale : the copper wire 
becomes charged statically with that electricity which the pole of 
the battery connected with it can supply ;* it acts by induction 
through the gutta percha (without which induction it could not 
itself become charged, Exp. Res. 1177), producing the opposite 
state on the surface of the water touching the gutta percha, which 
forms the outer coating of this curious arrangement. The gutta 
percha across which the induction occurs, is only 0.1 of an inch 
thick, and the extent of the coating is enormous. The surface 
of the copper wire is nearly 8300 square feet, and the surface of 
the outer coating of water is four times that amount, Cr 33000 
square feet. Hence, the striking character of the results. The 
intensity of the static charge acquired is only equal to the in- 
tensity at t£e pole of the battery whence it is derived ; but its 
quantity is enormous, because of the immense extent of tjie Leyden 


* Davy, Elements of Chemical Philosophy, p. 154. 
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arrungement ; and hence when the wire is separated from the 
battery and the charge employed, it has all the powers of a con- 
siderable voltaic current, and gives results which the best ordi- 
nary electric machines and Leyden arrangements cannot as yet 
approach. 

That the air wire produces none of these effects is simply 
because there is no outer coating correspondent to the water, or 
only one so far removed as to allow of no sensible induction, and 
therefore the inner wire cannot become charged. In the air wire 
of the warehouse, the floor, walls, and ceiling of the place con- 
stituted the outer coating, and this was at a considerable distance ; 
and in any case could only affect the outside portions of the coils 
of wire. I understand that 100 miles of wire stretched in a line 
through the air, so as to have its whole extent opposed to earth, is 
equally inefficient in shewing the effects, and there it must be the 
distance of the inductric and inducteous surfaces (1483), combined 
with the lower specific inductive capacity of air, as cmnpared with 
gutta percha, which causes the negative result. The phenomena alto- 
gether offer a beautiful case of the identity of static and dynamic 
electricijty. The whole power of a considerable battery may in this 
way be worked off in separate portions, and measured out in units 
of static force, and yet be employed afterwards for any or every 
purpose of voltaic electricity. 

I now proceed to further consequences of associated static and 
dynamic effects. Wires covered with gutta percha, and then in*- 
closed in tubes of lead or of iron, or buried in the earth, or sunk 
in the sea, exhibit the same phenomena as those described ; the 
like static inductive action being in all these cases permitted by the 
conditions. Such subterraneous wires exist between London and 
Manchester, and when they are all connected together so as to 
make one series, offer above 1500 miles ; which, as the duplications 
return to London, can be observed by one experimenter at intervals 
of about 400 miles, by the introduction of galvanometers at these 
returns. This wire, or the half, or fourth of it, presented all the 
phenomena already described ; the only difference was, that as the 
insulation was not so perfect, the charged condition fell more 
rapidly. Consider 750 miles of the wire in one length, a galvano- 
meter a being at the beginning of the wire, a second galvanometer h 
in the middle, and a third c at the end : — these three galvanometers 
being in the room with the experimenter, and the third c perfectly 
connected with the earth. On bringing the pole of the battery 
into contact with the wire through the galvanometer a, that in- 
strument was instantly affected ; after a sensible time h was affected, 
and after a still longer time c : when the whole 1500 miles were 
included, it required two seconds for the electric stream to reach 
the last instrument. Again ; — all the instruments being deflected, 
(of course not equally because of the electric leakage along the 
line,) if the battery were cut off at c, that instrument instantly fell 
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to zero ; but h did not fall until a little while after ; and c only after 
a still longer interval; — a current flowing on to the end of the 
wire whilst there was none flowing in at the beginning. Again ; 
by a short touch of the battery pole against it could be deflected 
and could fall back into its neutral condition, before the electric 
power had reached h\ which in its turn would be for an instant 
aflfected, and then left neutral before the power had reached c; a 
wave of force having been sent into the wire which gradually 
travelled along it. and made itself evident at successive intervals of 
time, in different parts of the wire. It was even possible, by ad- 
justed touches of the battery, to have two simultaneous waves in 
the wire, following each other, so that at the same moment that 
c was affected by the first wave, a or h was affected by the second ; 
and there is no doubt that by the multiplication of instruments 
and close attention, four or five waves might be obtained at once. 

If after making and breaking battery contact at a. a be immediately 
connected with the earth, then additional interesting effects occur. 
Part of the electricity which is in the wire will return, and passing 
through a will deflect it in the reverse direction ; so that currents 
will flow out of both extremities of the wire in opposite directions, 
whilst no current is going into it from any source. Or if a be 
quickly put to the battery and then to the earth, it will shew a 
current first entering into the wire, and then returning out of the 
wire at the same place; no sensible part of it ever travelling on 
to b or c. 

When an air wire of equal extent is experimented with in like 
manner, no such effects as these are perceived : or if, guided by 
principle, the arrangements are such as to be searching, they are 
perceived only in a very slight degree, and disappear in comparison 
with the former gross results. The effect at the end of the very 
Jong air wire (or c) is in the smallest degree behind the effect at gal- 
vanometer a; and the accumulation of a charge in the wire is 
not sensible. 

All these results as to time, &c. evidently depend upon the same 
condition as that which produced the former effect of static charge, 
namely, lateral induction; and are necessary consequences of the 
principles of conduction, insulation, and induction, three terms 
which in their meaning are inseparable from each other (Exp. Res. 
1320, 1326,* 1338, 1561, &c.). If we put a plate of shell lac upon 


• 1326. All these considerations impress my mind strongly with the con- 
viction, that insulation and ordinary conduction cannot be properly separated 
when we are examining into their nature ; that is, into the general {aw or laws 
under which their ohenomena are produced. They appear to me t^ consist in 
an action of contiguous particles, dependent on the forces developed In electrical 
excitement; these forces bring the particles into a state of tension br polarity, 
which constitutes both induction and insulation ; and being in this state the 
contiguous particles have a power or capability of communicating these forces, 
one to the other, by which tlicy are lowered and discharge oernrs, l''vcr> body 
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a gold leaf electrometer and a charged carrier (an insulated metal 
bdl of two or three inches diameter) upon it, the electrometer is 
diverged ; removing the carrier, this divergence instantly falls, this 
is insulation and induction : if we replace the shell lac by metal, the 
carrier causes the leaves to diverge as before, but when removed, 
though after the shortest possible contact, the electroscope is left 
diverged, this is conduction. If we employ a plate of spermaceti 
instead of the metal, and repeat the experiment, we find the diver- 
gence partly falls and partly remains, because the spermaceti insu- 
lates and also conducts, doing both imperfectly : but the shell lac 
also conducts, as is shewn if time be allowed ; and the metal also 
obstructs conduction, and therefore insulates, as is shewn by simple 
arrangements. For if a copper wire, 74 feet in length and -jL of 
an inch in diameter, be insulated in the air, 
having its end m a metal ball; its end e 
connected with the earth, and the parts near 
m and e brought within half an inch of each 
other, as at 5; then an ordinary Leyden jar 
being charged sufficiently, its outside con- 
nected- ^dth € and its inside with to, will give 
a charge to the wire, which instead of tra- 
velling wholly through it, though it be so 
excellent a conductor, will pass in large pro- 
portion through the air at 5 , as a bright 
spark : for with such a length of wire, the 
resistance in it is accumulated until it becomes 
as much, or perhaps even more, than that of 
the air, for electricity of such high intensity. 

Admitting that such and similar experiments 
shew that conduction through a wire is preceded by the act of 
induction (1338), then all the phenomena presented by the sub- 
merged or subterranean wires are explained , and in their explanation 
confirm as I think, the principles given. After Mr. Wheatstone 
had, in 1 834, measured the velocity of a wave of electricity through 
a copper wire, and given it as 288,000 miles in a second, I said, in 
1838, upon the strength of these principles (1333,) “that the 
velocity of discharge through the same wire may be greatly varied, 
by attending to the circumstances which cause variations of 
discharge through spermaceti or sulphur. Thus, for instance, it 
must vary with the tension or intensity of the first urging force, 
which tension is charge and induction. So if the two ends of 

appears to discharge (444.987); but the possession of this capability in a greater 
or smaller degree in different bodies, makes them better or worse conductors, 
worse or better insulators : and both induction an-'’ conduction appear to be the 
same in their principle and action (1320), except that in the latter, an effect 
common to both is raised to the highest degree, whereas in the former, it occurs 
in the best cases, in only an almost insensible quantity. 
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the wire, in Professor Wheatstone’s experiment, were immediately 
connected with two large insulated metallic surfaces exposed to 
the air, so that the primary act of induction, after making the 
contact for discharge, might be in part removed from the internal 
portion of the wire at the first instant, and disposed for the moment 
on its surface jointly with the air and surrounding conductors, 
then I venture to anticipate, that the middle spark would be more 
retarded than before : and if these two plates were the inuer and 
outer coating of a large jar, or a Leyden battery, then the retar- 
dation of that spark would be still greater.” Now this is precisely 
the case of the submerged or subterraneous wires, except that 
instead of carrying their surfaces towards the inducteous coatings 
(1483), the latter are brought, near the former; in both cases the 
induction consequent upon charge, instead of being exerted almost 
entirely at the moment within the wire, is to a very large extent 
determined externally ; and so the discharge or conduction being 
caused by a lower tension, therefore requires a longer time. 
Hence, the reason why, with 1500 miles of subterraneous wire, 
the wave was two seconds in passing from end to end ; whilst 
with the same length of air wire, the time was almost inappre- 
ciable. 

With these lights it is interesting to look at the measured 
velocities of electricity in wires of metal, as given by different 
experimenters. 

Miles per second. 


* Wheatstone in 1834, with copper wire made it 288,000 

* Walker in America with telegraph iron wire - 18,780 

* O’ Mitchell, ditto. - ditto. - - ^8,524 

* Fizeau and Gonnelle (copper wire) - - 112,680 

* Ditto. - - (iron wire) ... 62,600 

t A. B. G. (copper) London and Brussels Telegraph 2,700 


t Ditto. (copper) London and Edinburgh Telegraph 7,600 

Here, the difference in copper is seen by the first and sixth 
result to be above a hundred fold. It is further remarked in 
Liebig’s report of Fizeau’s and Gonnelle’s experiments, that the 
velocity is not proportional to the conductive capacity, and is 
independent of the thickness of the wire. All these circumstances 
and incompatibilities appear rapidly to vanish, as we recognise and 
take into consideration the lateral induction of the wire carrying- 
the current. If the velocity of a brief electric discharge is to be 
ascertained in a given length of wire, the simple circumstanoes of 
the latter being twined round a frame in small space, or spread 
through the air through a large space, or adhering to walls, or 

• Liebig and Kopp’s Report, 1850 (translated), p. 168. 
t Athenaeum, 14th January, 1854, p. 54. 
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lying on the ground, will make a difference in the results. And 
in regard to long circuits such as those described, their conducting 
power cannot be understood, whilst no reference is made to their 
lateral static induction, or to the conditions of intensity and quantity 
which then come into play; especially in the case of short or 
intermitting currents — for then static and dynamic are continually 
passing into each other. 

It has already been said that the conducting power of the air 
and water wires are alike for a constant current. This is in 
perfect accordance with the principles and with the definite cha- 
racter of the electric force, whether in the static or current or 
transition state. When a voltaic current of a certain intensity is 
sent into a long water wire, connected at the further extremity 
with the earth, part of the force is in the first instance occupied 
in raising a lateral induction round the wire, ultimately equ^ in 
intensity at the near end to the intensity of the battery stream, 
and decreasing gradually to the earth end, where it becomes nothing. 
Whilst this induction is rising, that within the wire amongst its 
particles is beneath what it would otherwise be ; but as soon as 
the first allHined its maximum state, then that in the wire 
becomes proportionate to the battery intensity, and therefore equals 
that in the air wire, in which the same state is (because of the 
absence of lateral induction) almost instantly attained. Then of 
course they discharge alike and therefore' conduct alike. 

A striking proof of the variation of the conduction of a wire by 
variation of its lateral static induction, is given in the experiment 
proposed 16 years ago (1333.) If, using a constant charged jar, 
the interval s, page 6, be adjusted so that the spark shall freely 
pass there (though it would not if a little wider), whilst the short 
connecting wires n and 0 are insulated in the air, the experiment 
may be repeated twenty times without a single failure : but if 
after that, n and 0 be connected with the inside and outside of an 
insulated Leyden jar, as described, the spark will never pass across 
s, but all the charge will go round the whole of the long wire. 
Why is this ? The quantity of electricity is the same, the wire is 
the same, its resistance is the same, and that of the air remains 
unaltered ; but because the intensity is lowered, through the lateral 
induction momentarily allowed, it is never enough to strike across 
the air at s ; and it is finally altogether occupied in the wire, which 
in a little longer time than before, effects the whole discharge. 
M. Fizeau has applied the same expedient to the primary voltaic 
currents of Ruhmkorff's beautiful inducting apparatus, with great 
advantage. He thereby reduces the intensity of these currents at 
the moment when it would be very disadvantageous, and gives us 
a striking instatice of the advantage of viewing static and dynamic 
phenomena as the result of the same laws. 

Mr. Clarke arranged a Bains’ printing telegraph with three pens 
so that it gave beautiful illustrations and records of facts like those 
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Stated : the pens are iron wires, under which a band of paper knbued 
with ferro -prussiate of potassa passes at a regular rate by clock-work ; 
and thus regular lines of prussian blue are produced whenever a 
current is transmitted, and the time of the current is recorded. In 
the case to be described, the tliree lines were side by side, and about 
0.1 of an inch apart. The pen m belonged to a circuit of only a few 
feet of wire, and a separate battery ; it told whenever the contact key 
was put down by the finger; the pen n was at the earth end of 
the long air wire, and the pen o at the earth end of the long 
subterraneous wire ; and by arrangement, the key could be made to 
throw the electricity of the chief battery into either of these wires, 
simultaneously with the passage of the short circuit current through 
pen m. When pens m and n were in action, the m record was a 
regular line of equal thickness, shewing by its length the actual time 
during which the electricity flowed into the wires ; and the n record 
was an equally regular line, parallel to, and of equal length with the 
former, but the least degree behind it ; thus indicating that the long 
air wire conveyed its electric current almost instantaneously to the 
further end. But when pens m and o were in action, the o line did 
not begin until some time after the m line, and it continued after the 
m line had ceased i. e. after the o battery was cut oif. Furthermore, it 
was faint at first, grew up to a maximum of intensity, continued at 
that as long as battery contact was continued, and then gradually 
diminished to nothing. Thus the record o shewed that the wave of 
power took time in the water wire to reach the further extremity ; by 
its first faintness, it shewed that power was consumed in the exertion 
of lateral static induction along the wire ; by the attainment of a 
maximum and the after equality, it shewed when this induction had 
become proportionate to the intensity of the battery current ; by its 
beginning to diminislr, it shewed when the battery current was cut ofi* ; 
and its prolongation and gradual diminution shewed the time of the 
outflow of the static electricity laid up in the wire, and the consequent 
regular falling of the induction which had been as regularly raised. 

With the pens m and o the conversion of an intermitting into a 
continuous current could be beautifully shewn ; the earth wire by the 
static induction which it permitted, acting in a manner analogous to 
the fly wheel of a steam engine, or the air spring of a pump. Thus 
when the contact key was regularly but rapidly depressed and raised, 
the pen m made a series of short lines separated by intervals of equal 
Idhg^h. After four or more of these had passed, then pen o, belong- 
ing to the subterraneous wire, began to make its mark, weak at first, 
then rising to a maximum, but always continuous. If the action of 
the contact key was less rapid, then alternate thickening, and att^enua- 
tions appeared the o record ; and if the introductions df the 
electric current at the one end of the earth wire were at still linger 
intervals, the records of action at the other end became entirely 
separated from each other. All shewing most beautifully, how the 
individual current or wave, once introduced into the wir^ and 
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never ceasing to go onward in its course, could be affected in its 
intensity, its time, and other circumstances, by its partial occupation 
in static induction. 

By other arrangements of the pens n and 0 , the near end of the 
subterraneous wire could be connected with the earth immediately 
after separation from the battery; and then the back flow of the 
electricity, and the time and manner thereof, were beautifully 
recorded ; but I must refrain from detailing results which have 
already been described in principle. 

Many variations of these experiments have been made and may 
be devised. Thus the ends of the insulated battery have been 
attached to the ends of the long subterraneous wire, and then 
the two halves of the vnre have given back opposite return cur- 
rents when connected with the earth. In such a case the wire is 
positive and negative at the two extremities, being permanently 
sustained by its length and the battery, in the same condition 
which is given to the short wire for a moment by the Leyden 
discharge (p. 351) ; or, for an extreme but like case, to a filament of 
shell lac having its extremities charged positive and negative. 
Colomb- poraled out the difference of long and short as to the 
insulating or conducting power of such filaments, and like difference 
occurs with long and short metal wires. 

Tlic character of the phenomena described in this report, induces 
me to refer to the terms intensity and quantity as applied to electricity ; 
terms which I have had such frequent occasion to employ. These 
terms, or equivalents for them, cannot be dispensed with by those who 
study both the static and the dynamic relations of electricity ; every 
current where there is resistance has the static element and induction 
involved in it, whilst every case of insulation has more or less of the 
dynamic element and conduction ; and we have seen that with the 
same voltaic source, the same current in the same length of the same 
wire, gives a different result as the intensity is made to vary, with 
variations of the induction around the wire. The idea of intensity 
or the power of overcoming resistance, is as necessary to that of elec- 
tricity, either static or current, as the idea of pressure is to steam in 
a boiler, or to air passing through apertures or tubes : and being 
independent of the idea of quantity, we must have language com- 
petent to express both relations. Furthermore, I have never found 
either of these terms lead to any mistakes regarding electrical action, 
or give rise to any false view of the character of electricity or its 
unity, I cannot find other terms of equally useful significance with 
these ; or any which, conveying the same ideas, are not liable to 
such misuse as these may be subject to. It would be affectation, 
therefore, in me, to search about for other words ; and besides that, 
the present subject has shewn me more than ever their great value 
and peculiar advantage in electrical language. 


[M. Faraday.] 
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The fuze referred to in page 97, is of the following nature* 
Some copper wire was covered with sulphuretted gutta percha ; after 
some months it was found that a film of sulphuret of copper was 
formed between the metal and the envelope ; and further, that when 
half the gutta percha was cut away in any place, and then the copper 
vrire removed for about of an incb> so as to remain connected only 
by the film of sulphuret adhering to the remaining gutta percha, an 
intensity battery could cause this sulphuret to enter into vivid igni- 
tion, and fire gunpowder with the utmost ease. The experiment wag 
shewn in the Lecture-room, of firing gunpowder at the end of eight 
miles of single wire. Mr. Faraday reported that he had seen it fired 
through 100 miles of covered wire immersed in the canal, by the use 
of this fuze. 



Friday* January 27. 

Col. Philip J. Yorkb, F.R.S., Pres. Chem. Soc., in the Chair. 

John Ttndall, Esq.* Ph. D., F.R.S.* 

Professor of Natural Philosophy, Royal Institution. 

On the Vibration and Tones produced by the Contact of Bodies having 
different Temperatures. 

In the year 1805, M. Schwartz, an inspector of one of the smelting 
works of Saxony, placed a cup- shaped mass of hot silver upon a cold 
anvil, and was surprised to find that musical tones proceeded from 
the mass'. . In the autumn of the same year, Professor Gilbert of 
Berlin visited the smelting works and repeated the experiment. He 
observed, that the sounds were accompanied by a quivering of the 
hot silver, and that when the vibrations ceased, the sound 
ceased also. Professor Gilbert merely stated the facts, and made no 
attempt to explain them. 

In the year 1829, Mr. Arthur Trevelyan, being engaged in 
spreading pitch with a hot plastering iron, and once observing that the 
iron was too hot for bis purpose, he laid it slantingly against a block 
of lead which chanced to be at hand ; a shrill note, which he com- 
pared to that of the chanter of the small Northumberland pipes, pro- 
ceeded from the mass* and, on nearer inspection, he observed that the 
heated iron was in a state of vibration. He was induced by Dr. 
Reid of Edinburgh to pursue the subject, and the results of his 
numerous experiments were subsequently printed in the Transactions 
of the Royal Society of Edinburgh. 

On the 1st of April, 1831, these singular sounds and vibrations 
formed the subject of a Friday Evening Lecture by Professor Faraday* 
at the Royal Institution. Professor Faraday expanded and further 
established the explanation of the sounds given by Mr, Trevelyan 
and Sir John Leslie. He referred them to the tapping of the hot 
mass against the cold one underneath it, the taps being in many cases 
sufficiently quick to produce a high inus^al note. The alternate ex- 
pansion and contraction of the cold mass at the points where the hot 
rocker descends upon it* he regarded as the sustaining power of the 
vibrations. The superiority of lead he ascribed to its great expansi- 
bility, combined with its feeble power of conduction, which latter 
prevented the heat from being quickly dififused through the moss. 

Professor J. D. Forbes of Edinburgh was present at this Lecture, 
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and not feding satisfied with the explanation* undertook the further 
examination of the subject; his results are described in a highly 
ingenious paper communicated to the Royal Society of EMinburgh in 
1833. He rejects the explanation supported by IVofessor Faraday* 
and refers the vibrations to ** a new species of mechanical agency in 
heat a repulsion exercised by the heat itself on passing from a good 
conductor to a bad one. This conclusion is based upon a number of 
general laws established by Professor Forbes. If these laws be 
correct, then indeed a great step has been taken towards a knowledge 
of the intimate nature of heat itself* and this consideration was the 
Lecturer’s principal stimulus in resuming the examination of the 
snbject. 

He had already made some experiments* ignorant that the subject 
had been further treated by Seebeck* until informed of the fact by 
Professor Magnus of Berlin. On reading Seebeck’s interesting 
paper, he found that many of the results which it was his intention 
to seek had been already obtained. The portion of the subject 
which remained untouched was* however, of sufficient interest to 
induce him to prosecute his original intention. 

The general laws of Professor Forbes were submitted in succession 
to an experimental examination. The first of these laws affirms that 
•• the vibraiions never take place between substances of the same nature J* 
This the Lecturer found to be generally the case when the hot 
rocker rested upon a block, or on the edge of a thick plate of the same 
metal ; but the case was quite altered when a thin plate of metal 
was used. Thus, a copper rocker laid upon the edge of a penny- 
piece did not vibrate permanently ; but when the coin was beaten out 
by a hammer* so as to present a thin sharp edge* constant wbrations 
were obtained. A silver rocker resting on the edge of a half-crown 
refused to vibrate pennanently ; but on the edge of a sixpence con- 
tinuous vibrations were obtained. An iron rocker on the edge of 
a dinner knife gave continuous vibrations. A flat brass rocker 
placed upon the points of two common brass pins* and having its 
handle suitably supported, gave distinct vibrations. In these ex- 
periments the plates and pins were fixed in a vice* and it was found 
that the thinner the plate, within its limits of rigidity* the more 
certain and striking was the eflfect. Vibrations were thus obtained 
with iron on iron* copper on copper* brass on brass* zinc on zinc* 
silver on silver, tin on tin. The list might be extended* but the 
cases cited are sufficient to shew that the proposition above cited 
cannot be regarded as expressing a " general law.” 

The second general law enunciated by Professor Forbes is* that 
** both substances must be metallic** This is the law which first attracted 
the Lecturer’s attention. During the progress of a kindred enqiiiiy* 
he had discovered that certain non-metallic bodies are endowed With 
powers of conduction far higher than has been hitherto suppled* 
and the thought occurred to him that such bodies might* by suitable 
treatment* be made to supply the place of metals in the production 
of vibrations. This anticipation was realized. Rockers of silver. 
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copper, and brass, placed upon the natural edge of a prism of rock- 
crystal, gave distinct tones ; on the clean edge of a cube of fluor 
spar, the tones were still more musical ; on a mass of rock-salt the 
vibrations were very forcible. There is scarcely a substance, metallic 
or non-metallic, on which vibrations can be obtained with greater 
ease and certainty than on rock-salt. In most cases a high tempera- 
ture is necessary to the production of the tones, but in the case of rock- 
salt the temperature need not exceed that of the blood. A new and 
singular property is thus found to belong to this already remarkable 
substance. It is needless to enter into a full statement regarding the 
various minerals submitted to experiment. Upwards of twenty 
non-metallic substances had been examined by the Lecturer, and 
distinct vibrations obtained with every one of them. 

The number of exceptions here exhibited far exceeds that of the 
substances which are mentioned in the paper of Professor Forbes, 
and is, it was imagined, sufficient to shew that the second general 
law is untenable. 

The third general law states, that " The vibrations take place with 
an intensity proportional (within certain limits) to the difference of 
the ting powers of the metals for heat, the metal having the 

least conducting power, being necessarily the coldest/* The evidence 
adduced against the 6rst law appears to destroy this one also ; for if 
the intensity of the vibrations be proportion^ to the difference of 
the conducting powers, then, where there is no such difference, there 
ought to be no vibrations. But it has been proved in half a dozen 
cases, that vibrations occur between different pieces of the same 
metal. The condition stated by Professor Forbes was, however, 
reversed. Silver stands at the head of conductors ; a strip of the 
metal was fixed in a vice, and hot rockers of brass, copper, and iron, 
were successively laid upon its edge : distinct vibrations were ob- 
tained with all of them. Vibrations were also obtained with a brass 
rocker which rested on the edge of a half-sovereign. These and 
other experiments shew that it is not necessary that the worst con- 
ductor should be the cold metal, as affirmed in the third general law 
above quoted. Among the metals, antimony and bismuth w^ere 
found perfectly inert by Professor Forbes; the Lecturer however 
had obtained musical tones from both of these substances. 

The superiority of lead as a cold block, Professor Faraday, as 
already stated, referred to its high expansibility, combined with its 
deBcient conducting power. Against this notion, which he con- 
siders to be “ an obvious oversight,’* Professor Forbes contends in 
an ingenious and apparently unanswerable manner. The vibrations, 
he urges, depend upon the difference of temperature existing between 
the rocker and the block ; if the latter be a bad conductor and 
retain the heat at its surface, the tendency i.*? to bring both the surfaces 
in contact to the same temperature, and thus to stop the vibration 
instead of exalting it. Further, the greater the quantity of heat 
transmitted from the rocker to the block during contact, the greater 
must be the expansion, and hence, if the vibrations be due to this 



I 10 


LIBRARY OF SCIENCE 


cause, the effect must be a maximum when the block is the best 
conductor possible. But Professor Forbes, in this argument, seems 
to have used the term expansion in two different senses. The ex- 
pansion which produces the vibration is the sudden upheaval of the 
point where the hot rocker comes in contact with the cold mass un- 
derneath ; but the expansion due to good conduction would be an 
expansion of the general mass. Imagine the conductive power of 
the block to be infinite, that is to say, that the heat imparted by the 
rocker is instantly dimised equally throughout the block ; then, 
though the general expansion might be very great, the local expan- 
sion at the point of contact would be wanting, and no vibrations 
would be possible. The inevitable consequence of good conduction 
is, to cause a sudden abstraction of the heat from the point of contact 
of the rocker with the substance underneath, and this the Lecturer 
conceived to be the precise reason why Professor Forbes had failed 
to obtain vibrations when the cold metaJ was a good conductor. He 
made use of blocks, and the abstraction of heat from the place of 
contact by the circumjacent mass of metal, was so sudden as to ex- 
tinguish the local elevation on which the vibrations depend. In the 
experiments described by the Lecturer, this abstraction was to a 
great extent avoided, by reducing the metallic masses to thin laminae, 
and thus the very experiments adduced by Professor Forbes against 
the theory supported by Professor Faraday, appear, when duly 
considered, to be converted into strong corroborative proofs of the 
correctness of the views of the philosopher last mentioned. 

[J. T.] 



Friday, February 3. 

Right Hon. Baron Parke, Vice-President, in the Chair. 
\V. R. Grove, Esq., Q.C., F.R.S. 


On the Transmission of Electricity by Flame and Gases. 


In the year 1730, Mr. Stephen Grey, a pensioner of the Charter 
House, was led by pursuing a series of ingenious experiments, to the 
important discovery that bodies might be divided into two classes, 
conductors and non-conductors of Electricity. Subsequent dis- 
coveries led to the knowledge that different bodies conduct Elec- 
tricity/ nuC luily very differently as to degree, but also differently as 
to mode, and as to the changes which the bodies themselves ex- 
perience while conducting electricity. We thence get conduction 
without apparent change, as by the metals, —conduction dependent 
upon chemical change, as by Electrolytes ; and then again in effects 
of transmission not usually included undefr the* term conduction, we 
get the discharge by carrying or convection, and by disruption, as 
in the spark. 

In the year 1852, Mr. Grove communicated at an Evening 
Meeting of the Members of the Royal Institution, his researches on 
the disruptive discharge, shewing by the oxidation and reduction of 
the terminal surfaces, a state of chemical polarity in the gaseous 
intervening medium, antecedent to the discharge, the discharge 
consisting of a subversion of this polarity attended with intense 
local heat, and a transmission of minute particles of the terminals 
between which it took place.* 

In what may be termed Pneumatic Electricity, or the electrical 
effects produced on and by gases, there seems some reason to believe 
that the molecules conduct, or in other words that at indefinitely 
minute spaces, electricity can pass without the phenomena of dis- 
ruptive discharge : for instance in the gas battery, either the mole- 
cules must conduct, or the gases must by contact with the platinum 
be brought into a liquid state. 

The effects of rarefaction on gases (as by the air-pump) tends to 
render the disruptive discharge more facile, and to enable electricity 
of the same degree of intensity to pass across much larger spaces 
than it would when transmitted across gases in a dense state. 


• Phil. Trans. 1852, p. 87. 
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The next enquiry is whether the effect of rarefaction by heat is 
the same as that by mechanical attenuation; and heated gas was 
shewn by Mr. Grove to facilitate the disruptive discharge of elec- 
tricity : so strikingly was this evidenced with flame, that when the 
flame of a spirit lamp was held near the terminal point of the coil 
apparatus of Ruhmkorff, (the coatings of a Leyden phial being con- 
nected with the secondary coil, and the terminus being separated to 
a distance far beyond that at which the spark would pass in cold 
air), the spark darted to and along the margin of the flame, and 
could be curved or twisted about in any direction, at the will of the 
experimenter, giving a striking illustration of the crooked form of 
lightning, and of the probable reason why it does not pass in straight 
lines, the temperature of the air being different at different points of 
its passage, and much of this variation of temperature being in all 
probability occasioned by the mechanical effect on the air of the 
discharge itself. 

No amount of rarefaction has hitherto shewn any thing like 
conduction in gases at ordinary temperatures ; but on the other hand 
flame does give distinct evidence of conduction without disruptive 
discharge, and an experiment was made demonstrating this. 

Is this effect of flame due simply to its consisting of highly heated 
gas or is it due to the chemicd action taking place throughout the 
whole structure of the flame ? 

When closely approximated metals are brought to the point of 
visible ignition, signs, but very feeble sig^s of transmission of elec- 
tricity take place. M. E. Hecquerel has recently published some 
very interesting experiments on this subject,* and Mr. Grove not by 
means of M. E. Becquerers plan, but by igniting by th? voltaic 
battery two platinum wires placed close to each other in an ex- 
hausted receiver, and connecting them with a third voltaic battery, 
had obtained slight deflections of a delicate galvanometer. 

These effects are however far inferior to those shown by flame, 
and appear to depend more upon the state of the terminals than 
upon the state of the intervening gas : — thus, until the terminals 
attain a red heat, no transmission takes place, whatever be the 
degree of attenuation of the gas ; while if the terminals have attained 
a red heat, the current is much more easily transmitted by rare than 
by dense gas. Thus alterations in the density of the gas do not 
appear to affect the trasmission, until a certain definite change has 
taken place in the state of the terminals. Reasoning from these 
effects, and bearing in mind the, effect of rarefied gas on the dis- 
ruptive discharge and the quasi- radiation of matter in the phenomena 
elicited by Moser and others, Mr. Grove inclined to the opinion 
that the transmission across heated gas differed specifically from that 
across flame, the former being in some respects analogous to the 
disruptive, while the latter resembled the electrolytic discharge. 


Annales de Chimie, Nov. 1853. 
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Flame moreover has been observed to conduct better in one 
direction than another, and the question next arises will flame produce 
or generate a voltaic current? M. Hankel and M. Bufl* have 
published papers shewing, by the use of highly sensitive galvanome- 
ters, a current apparently produced by flame, which passes from the 
upper to the lower part of the flame. M. Buff attributes this 
current to thermo-electricity — the flame being a conductor and two 
metals in contact with different parts of it, the thermo- current 
passes from the hotter to the cooler metal, and hence the result. 

Mr. Grove in studying this subject, and without having then read 
the papers of Hankel and Buff, found the results so varying in ordi- 
nary flame that he could come to no satisfactory conclusion : he was 
then led to think, that as in the flame of the blow-pipe, the direction 
or line of combustion is more definite than in ordinary flame, he 
might get more definite results. He experimented with the latter 
flame, and immediately got very distinct evidence of a current not 
due to thermo-electricity, as it could be made to conquer both the 
effect of the thermo-flame- current noticed by Buff, and of any thermo- 
current excited in the junction of the wires exterior to the flame. 

This cun ent which Mr. Grove termed the flame current proper, 
moves from the root towards the point of the blow-pipe flame — the 
best points for placing the collecting spirals or plates of platinum being 
for the one a little above the root or base of the blue cone, and for the 
other, in the full yellow flame a little beyond the apex of the blue cone. 

As the latter metal is much more heated than the former, the 
thermo- flame- current is opposed to, and though it by no means 
destroys, it tends to weaken the effect of the flame current proper ; 
if then this metal can be adventitiously cooled, we should have the 
two currents co-operating, instead of conflicting ; and so experiment 
proved, for by using a capsule of platinum filled with water in the 
full flame, and a coil or sheet of platinum foil at the base, a very 
marked current resulted. By arranging in a row of jets worked by a 
large bellows a sheet of platinum foil placed just over the roots of 
the flames, and a trough of platinum foil filled with water just 
beyond the points of the blue cones, the large galvanometer of the 
Institution was deflected to 30° or 40°, so as to be easily visible to 
the audience ; the deflection being in the reverse direction upon re- 
versing the connections respectively with the plate and trough. 
The same apparatus will also readily decompose iodide of potas- 
sium ; iodine being evolved at the platinum point in connection 
with the trough. 

There was another apparatus on the table for arranging the flame 
battery as an intensity series. The direction of the current is from 
the points in the flame where combustion commences, to those where 
it concludes ; it appears to be transmitted by a chain of chemical 
action taking place between these. Though speaking with some 
reserve on the theory of the phenomenon, Mr. Grove could at 
present see no objection to its being regarded as a current produced 
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by chemical action ; the platinum at the commencement of action 
representing the zinc which bums or combines with oxygen ; that 
at the conclusion, representing the platinum, or the points where 
chemical action concludes, and a tendency to reduction or de- 
oxidation is manifested. The distinction being that the generative 
chemical action, instead of taking place, as in the ordinary battery 
only at the zinc surface, and being simply transmitted by the 
electrolyte, takes place throughout the intervening section of flame ; 
and thus, .within certain limits, the intensity of the electricity 
increases with the distance of the plates, instead of decreasing as 
in the ordinary battery. [W. R. G.] 



Friday^ March 3. 

Gborob Dodd, Esq., F.S.A., Vice-President, in the Chair. 

Rev. Badbn Powbll, M.A., V.P.R.S., F.R.A.S., F.G.S., 
Savilian Professor of Geometry, Oxford. 

On certain Phenomena of Rotatory Motion, 

The mechanical principle of " the composition of Rotatory Motion,” 
originally discovered by Frisi about 1750, (see Frisius de Rotatione, 
Op. ii. 134, 157, and Cosmographia, ii. 24) is equally simple in its 
nature, important and fertile in its consequences and applications, — ^ 
and susceptible of the easiest explanation and experimental illustra- 
tion ; yet it has been singularly lost sight of in the common elementary 
treatises r Jt is indeed discussed and applied in a Mathematical form 
in Mr. Airy’s Tract on Precession (Math. Tracts, p. 192, 2nd ed.) ; 
and the theorem is stated by Professor Playfair in his “ Outlines of 
Natural Philosophy’’ (i. 144), and its application explained (ib. ii. 
308). These, however, are not books of a popular kind, and the 
author is not aware of any mention of it in other English works. 
In a more abstract analytical form it has been discussed by several 
foreign mathematicians, especially by Poinsot, in a Memoir read to 
the Academy of Sciences, May 19, 1834, but of which only an 
abstract was published ; as weU as by Poisson, in a paper in the 
Journal de I’Ecole Poly technique (xvi. 247). 

The principle is involved in the explanation of several important 
phenomena, some of which are in fact mere direct instances of it ; 
so that a simple experimental mode of exhibiting it would l)e emi- 
nently desirable; and several such have accordingly been devised 
which yet seem to have been but little generally known. 

An ingenious instrument of the kind was contrived some years 
ago by Mr. H. Atkinson, a very brief account of which is given in the 
Astronomical Society’s Notices, vol. i. p. 43, though so brief that 
it is difficult to collect what the precise mode of its action was, — 
but it seems somewhat complex. 

A far more complete and instructive apparatus was invented by 
Bonenberger and described in Gilbert’s Annalen (lx. p. 60). It is 
also explained in some German elementary works. Attention has 
been more recently drawn to the subject by a highly interesting 
paper of Professor Magnus of Berlin, (Abhandlungen der Kdnigl. 
Preuss. Akad. 185 2, translated in Taylor*s Foreign Scientific Memoirs, 
N. S. Part 3, p. 210,) in which some remarkable applications of this 
apparatus are given ; he also describes it (with a figure) and observes 
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that the execution of it requires great delicacy and correctness of 
workmanship. Copies of this instrument have indeed been made in 
this country (one of which was exhibited through the kindness of Pro- 
fessor Wheatstone) ; but of these the author believes no description 
has ever appeared in English works, and they are certainly very little 
known, notwithstanding their manifest value to every lecturer : the 
essential parts are a sphere capable of rotating about an axis whose 
extremities rest in opposite points of a hoop which can turn on 
pivots horizontally t within another hoop turning on pivots about a 
vertical line. 

In fact the author of the present communication has long felt 
the want of such an apparatus for lecture illustration ; and before he 
was aware of the existence of any of those just alluded to, had con- 
structed one in a different form, and which is found to answer fully 
the purposes of illustration for which it is designed, without any nice 
workmanship or complex machinery. (See Astronomical Society's 
Notices, vol. xfii. p. 221-248.) 

Its object, like that of the instrument last mentioned, is to exhibit 
experimentally the actual composition of rotations about two different 
axes impressed at once on the same body. 

The essential parts are merely a bar capable of rotating freely 
about one end of an axis, (and loaded at its extremities to keep up 
the rotation,) while the axis itself can turn about a point in its 
length near the end carrying the bar, upon a horizontal axis, 
capable of moving freely round a vertical pillar. At the lower end 
of the first axis is a weight which more than counterpoises the 
upper part. 

If then there be no rotation in the bar about the first rftts, the 
effect of the weight is to produce a rotation about the second alone, 
bringing down the first axis into a vertical position. 

If now the first axis be held horizontally or obliquely, and a rota- 
tory motion be given to the bar about it, on letting the axis go, we 
compound both rotations ; and the resulting effect is, that the weight 
will no longer bring the axis down, or alter its inclination at all : 
but will cause it to take a new position, or make the whole to turn 
round the vertical, in a direction opposite to that of the rotation. 

Thus, although confessedly not new in principle, to make public 
an experimental illustration in so simple a form may not be without 
its use for a great majority of students. 

Even the theoretical principle is capable of being stated in a way 
quite intelligible to those acquainted only with the very first rudi- 
ments of theoretical mechanics, presenting itself in close analogy 
to that well known first principle, the composition of rectilinear 
motion. 

As in this last case, if a body be in motion in one direction, find 
any cause tend to make it move in another, it will move in neither, 
but in an intermediate direction, — so we have the strictly analogous 
case in rotatory motion ; when a body is rotating about an axis, and 
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any cause tends to make it rotate about mother ans, it will not 
rotate about either, but about a new axis intermediate to the two. Thus 
the result of compounding the two rotations will be, that the axis 
(carrying with it the rotating body) will simply take a new position, 
or will move in a direction determined by the nature of the impressed 
motions. 

Professor Magnus, in the very able, but rather prolix and obscurely 
written Memoir, before referred to, speaks (p. 223) of the conse- 
quences of such a law as evinced in the resulting rotations, but without 
any distinct or explicit statement of the essential theorem of the 
composition of rotatory motion. He gives, however, some singular 
and even paradoxical exemplifications of it. We may allude to one 
of these, which is capable of being put into a form at once more 
simple, and at the same time more paradoxical, than that in which 
he describes it. It consists in this : a wheel at one end of an axis, 
and 8 weight at the other, are suspended in equilibrio j which is, of 
course, unaltered, whether the wheel be at rest or in rotation : the 
weight is then slid so that the balance is destroyed : now if the wheel 
be set in rapid rotation, the equilibium is restored. This is nothing 
but a simple of the principle just stated, as shewn by the author's 
apparatus. 

Besides certain other cases traceable to a different cause. Professor 
Magnus's immediate object is to explain a curious observed anomaly 
in the motion of projectiles of an elongated form shot from rifled 
guns, and which consequently rotate about their axis, while passing 
through the air in the direction of that axis. 

He mentions the fact that artillery experiments in different coun- 
tries with rified cannon and missiles of a cylindical ibnn with a 
conical apex, always shew a deviation of the point of the missile to 
the right, the rifle-spiral being right-handed. 

To explain the nature of this deviation was the object of special 
experiments on the part of the Prussian Artillery Commission, in 
which Professor Magnus assisted. The missiles were fired with 
low charges, so as to allow the motion to be accurately observed, and 
it was found that the axis remained sensibly in the direction of the 
tangent to the curved path, while the deviation to the right was always 
clearly marked. He observes that left-handed rifles have never been 
tried. 

Professor Magnus, after some fruitless conjectures as to the cause, 
at length sought it in the principle of the composition of rotatory 
motion. He tried experimentally the effect of a current of air on a 
projectile of the form employed, by inserting such a body instead 
of the rotating sphere in Bonenberger’s apparatus, and observing 
the effect on it, first at rest, and then in rotation, when the strong 
current of a blowing machine was directed against the conical apex. 
When at rest, the current elevated the apex ; owing to the form of 
the missile the resistance acting not through the centre of gp^vity, 
but above it : when in rotation no elevation took place, but a deviation 
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in the direction of the axis, in a direction opposite to that of rotation. 
To shew the application of the principle in this case, he observes 
that the axis of the elongated projectile, which for an instant 
coincides with the tangent to its curved path, momentarily changes 
its direction, so that the front extremity or apex falls below its 
former position. Or, for a single instant it may be regarded as 
if locally at rest, but turning about its centre of gravity so as to 
depress the apex. 

If the motion were simply in the direction of the axis, the re- 
sistance of the air would operate directly against it ; but when the 
apex is continually tending to turn downwards from that line, the 
resistance acts against it partially upwards, and thus tends to raise 
the apex. 

Thus, at a given instant, the elongated projectile may be re* 
presented by the rotating part of the apparatus just described. 

When there is no rotation, the resistance of the air tending to 
raise the apex is represented by the weight at the lower end, which 
produces the same effect. 

When a rapid rotation is communicated, (suppose from left to 
right of the gunner,) the result will be, no citation of the apex, 
but a lateral movement, or commencement of a rotation round the 
vertical, — in astronomical language retrograde, if the former rotation 
be direct ; — but which beginning from the opposite part of the circle 
is, relative to the operator, towards the right. 

The form of the projectile used in these experiments differs from 
that in *the Minie rifle, in that the latter is hollow at its broader 
end, and thus the centre of gravity is thrown forward tow^ds the 
apex. Hence, according to the same theory, the effect would pro- 
bably here be to depress the apex, and therefore to give an opposite 
deviation : but it does' not appear whether any such observations 
have been made ; and in practice the effect would probably be quite 
insensible. 

It occurred to the author that a very simple illustration of this 
deviation of rifle projectiles might be made by merely forming a sort 
of small arrow, whose head was composed of a cork, like a shuttle- 
cock, but instead of the feathers, small card vanes inclined in the 
same direction round it, with a tail to balance it, and which thus in 
the mere act of throwing acquires a rotatory motion from the re- 
action of the air, to the right or left according as the vanes are 
inclined ; and on trying this there was always observed a deviation 
in the direction of the axis or point of the missile to the right or left 
accordingly, relative to the experimenter. It is in fact nearly im- 
possible to throw snoh a body in a direction perfectly in one plane. 
The true deviation^is, however, peculiarly liable to be disguis^^ by 
the general resistance of the air on so light a missile, as well ai by 
enrrents, &c. which it is not easy to guard against. 

The well known case of the Boomerang exhibits effects cloiely 
rimilar: for it is found that if so projected that its rotation is from 
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left to right, its deviation will be in the same direction^ and vice versd : 
that is, supposing (as is the usual case) that its plane is inclined 
sg^rds ftom the operator: — If it be inclined downwards;, the devia* 
tion is in the direction opposite to that of the rotation. 

In the former case the reaction of the air against the flat surfoce 
of the missile would tend to increase its inclination upwards, in the 
latter downwards, with respect to the operator : and this in each case 
respectively would give the motion stated ; as is easily seen on the 
principle, and by means of the apparatus, before described. 

Thus it would foDow that this extraordinary instance of savage 
invention, which long ago puzzled inquirers, is simply a case (like 
the last) of ** the composition of rotatory motion.” 

It should, however, be mentioned that some experimentalists have 
entertained a different view of the cause of deviation in this instance. 

Besides the results above stated. Professor Magnus (in the same 
Memoir) mentions several other highly curious cases produced by 
certain modiflcations of the apparatus ; but all referrible to the same 
principles. 

M. Fessel has also invented an apparatus (since called the Gyro- 
scope) an iBie^ount of which is given with some remarks by Professor 
Pliicker, and the Editor in PoggendorflTs Annalen(IS5d, Nos. 9 and 
10), which though apparently invented without any knowledge of 
Bonenberger’s apparatus, is a modiflcation of it, referring to phe- 
nomena of the same kind as those of the equilibrium experiment 
mentioned at first. 

This apparatus has been greatly improved upon by Professor 
Wheatstone, who has introduced other movements to include the 
conditions of rotation in different planes. One of these instruments 
was exhibited. 

From these singular applications of a very simple mechanical 
truth, we may now turn to what is but another exemplification of 
the same thing, however apparently remote from those we have con- 
sidered, and upon a far grander scale. 

The phenomenon of the Precession of Equinoxes was known to 
Hipparchus ; but no explanation of the fact was for ages imagined* 
Even Kepler, in the multiplicity of his hypothetical resources, could 
not succeed in devising anything plausible. The axis of the Elarth 
is slowly shifting its position, so that its pole points continually to a 
new part of the heavens, — a new pole star, — at the rate of about 50^ 
a year, and of course carries with it the point of intersection of the 
Earth's equator with the ecliptic or plane of its orbit, at the same 
rate and in a direction opposite to that of its motion, or the order 
of the signs. 

These phenomena remained wholly without explanation till 
Newton, led by the analogy of those disturbing forces on the orbit 
of a planet which cause its nodes to regress, shewed that the same 
would occur in a satellite to the earth, — in a ring of such satellites, 
— in such a ring adhering to the equator, or the protuberant part 
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of the terrestrial sphere ; and thus that the equinoctial points would 
slowly regress. (See Principia, i. 66, Coir. 1 1 — 22.) 

The more exact determination of quantitative results was reserved 
for Newton’s successors, when a more powerful analysis had been 
applied by Euler. D’Alembert and others to the full exposition of the 
theory, founded on general equations of motion ; as since given in 
the writings of Laplace. (Mec. Cel. liv. xiv. ch. 1.) and Pont^cou- 
lant (Thdorie du Syst^me du Monde, liv. iv. ch. 5.), which are 
necessary for including all the minuter variations detected by 
Bradley, and ‘subsequent observers, shewing the nutation of the axis, 
and the inequalities of precession due to the varying configurations 
of the attracting luminaries. 

These higher mathematical views, though of course the most 
complete and systematic, are not the most direct or easy mode of 
explaining the subject to the student. Greater simplicity certainly 
characterizes the method adopted by Mr. Airy (in the tract before 
cited) of applying directly the theorem of the composition of rotatory 
motion ; as doubtless Newton would have done had it been known 
to him. But here, as in so many other instances, the first explana- 
tion presented itself mixed up with more complex considerations; 
and as has been well observed ** simplicity is not always a fruit of 
the first growth.” 

To those not versed in the mathematical theory, of all points in 
Physical Astronomy, the modus operand! ” of the Precession, 
perhaps, usually seems the most paradoxical, and the explanations 
«ven in some of the best popular treatises are seldom found satis- 
ractory, following as they do the letter of Newton’s illustration and 
omitting the direct introduction of the principle of com^sition. 
which, if only from what has been here offered, is at once seen to 
be easily capable of the most elementary explanation. Indeed it 
was ffom this consideration forcing itself on the mind of the author, 
in several courses of popular lectures on Astronomy, that he was 
led to seek the means of experimental illustration above described ; 
and which would more palpably imitate the phenomena to the eye, 
if. instead of the rotating bar a terrestrial globe be substituted (as in 
Bonenberger’s instrument) — for better illustration made protuberant 
at the equator, — where the weight at the south pole acts the part of 
the sun’s and moon’s attraction, to pull down the protuberant matter 
of the spheroid at the equator if at rest, but when combined with 
the earth’s rotation results in a transference of the position of its 
axis, or slow revolution of its pole round the pole of the ecliptic in 
a direction opposite to its rotation, carrying with it the equinoxial 
points, and causing the signs of the zodiac to shift backwards trom 
their respective co^ellations. 

It always affords a sort of intellectual surprise, to perceiv^ for 
the first time the application of some simple and familiar mechanical 
principle to the grand phenomena of astronomy : to see that it is 
but one and the same set of laws which governs the motions of 
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matter on the earth and in the most distant regions of the heavens ; 
to find the revolution of the apsides in a pendulum vibrating in 
ellipses, or the conservation of areas in a ball whirled round by a 
string suddenly shortened : or (as in the present case) to perceive a 
celestial phenomenon, vast in its relations both to time and space 
and complex in its conditions, identified, as to its mechanical cause, 
with the rotatory movement of a little apparatus on the table before 
us, — or to discover the Precession of Equinoxes in the deviation of 
a rifle or a boomerang. And the simple experimental elucidation 
of such phenomena and their laws will not be usdess, as it tends to 
confirm in the mind of the student the great characteristic of the 
modem physical philosophy first asserted by Galileo, the identity 
of the causes of the celestid and terrestrial motions, and to aid and 
elevate our conception of those grand and simple principles accord- 
ing to which the whole machinery of the universe is so profoundly 

[B. P.] 



Friday, March 10. 

Right Hon. Baron Parks, Vice-President, in the Chair. 

Charlss Brooks, M.A., F.R.S. 

BUROBON TO THB WESTMINSTER HOSPITAL. 

On the Construction of the Compound Achromatic Microscope. 

Ms. Bs6oke stated his motive in giving the Lecture to be an 
observation frequently made, that many who are in possession of 
the best inicrcTscopes. either for the purpose of pursuing original 
investigations, or of seeking rational recreation in acquiring a know- 
ledge of the structure of natural objects, do not develop the full 
power of their instruments, from a want of suflScient acquaintance 
with the principles on which the detinition of objects depends. 

After briefly adverting to the ordinary phenomena of reflection, 
the Lecturer illustrated those of refraction by a movable diagram, 
which readily explained the total reflection of a ray of light in- 
cident on the common surface of two media at an angle greater 
than the critical angle, corresponding to which the angle of refrac- 
tion is 90^. 

Tue aberration of rays reflected or refracted at a spherical sur- 
face was then alluded to ; and although the reflectors employed 
in microscopes may be rendered free from spherical aBerration 
by giving them an elliptic, and those of telescopes, a parabolic 
form, there is no practicable method at present known of con- 
structing lenses otherwise than with spherical or plane surfaces; 
and from the difliculty of obtaining sufficiently perfect reflecting 
surfaces, and of preserving them when obtain^, refracting micro- 
scopes are now almost universally employed. 

Chromatic dispersion was then mentioned, and the usual mode 
of producing achromatism by the combination of various kinds of 
glass, which differ in their dispersive power, was illustrated by a 
combination of three prisms. The construction of achromatic 
object-glasses was next explained, as well as the nature of the aber- 
ration produced by the presence or absence of a plate of thin glass 
covering the object, and the mode of correcting it in ubject-glaases 
of high power, by varying the distance of the anterior from! the 
posterior combinations, as first extensively applied in practice by 
Mr. A. Ross, and^lly detailed in his article on the Microscope, 
in the Penny Cyclopsedia. 

The angle of aperture of object-glasses was then explained, and 
the power of those of large angular aperture in developing the 
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strurture of certain test objects, such as the siliceous shells of 
diatomacese, was explained to be totally distinct from the mere 
increase of the amount of light transmitted. Mr. Brooke offered 
an hypothesis as to the structure of these objects, from which it 
would follow that that structure would be rendered visible by 
oblique rays alone, and the nece^tsary degree of obliquity would 
depend on the smallness of the elevations on the undulating 
surface of the shell. This view was thus shewn to be highly pro- 
bable ; a specimen of the Pleurosigma formosum (first found by 
Mr. Brooke at Walton-on- the-Naze) was viewed under a half 
inch object-glass by Ross, and an achromatic eye-piece of high 
power, (which was stated to be unquestionably superior to a deep 
Hiiygenian eye-rpiece) ; when an opaque disc was interposed 
between the object and the centre of the object-ghiss, which cut 
ofif a large portion of the central rays, the diagonal rows of dots 
were still distinctly visible 3 but when the marginal rays were 
stopped out by a diaphragm, although a much larger quantity of 
light was admitted than in the former case, the markings were 
entirely lost. 

In drdef to render visible the more difficult objects of this cL^si, 
glasses of large angle of aperture have been constructed, but their 
employment is much limited, owing to the greatly increased 
difficulty of correcting the aberrations, under any given circum- 
stances of the transmitted pencil of light, and consequently the 
small amount of correction, that is, of adaptation to altered cir- 
cumstances, that they admit of. From investigations which he 
knew to be in progress, the Lecturer expressed a hope that by due 
adjustments of the illuminating pencil, the most difficult test- 
objects would be rendered equally visible under object-glasses of 
moderate aperture, which are much more generally useful. 

Mr. Brooke then alluded to the preposterous reputed angle of 
aperture of certain foreign object-glasses, viz. and explained 
the fallacy of the ordinary method of determining that angle ; 
which consists in viewing through a microscope the light of a 
lamp placed at a few feet distance, and moving either the light or 
the microscope, so as to traverse the entire angular distance 
through which the light is visible. In this method the course of 
the rays is contrary to their usual course, and oblique pencils may 
be brought to an imperfect focus at the back of the object-glass, 
and produce a glare of light, but which meet at a greater angle 
than the extreme rays that can enter the object glass from the 
yield of view, SLDd which consequently are the extreme available 
rays. 

A very perfect instrument for measuring the angle of aperture, 
designed by Mr. Gillett, was then explained: this consists of two 
microscopes, the optical axes of which may be adjusted to coinci- 
dence. One of these is attached horizontally to the traversing 
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arm of a horizontal graduated circle^ and is adjusted so that the 
point of a needle, made to coincide with the axis of motion of the 
movable arm, may be in focus and in the centre of the field of 
view. The other microscope, to which the object-glass to be 
examined is attached, is fixed, and so adjusted, that the point of 
the same needle may be in focus in the centre of its field. The 
eye-piece of the latter is then removed, and a cap with a very 
small aperture is substituted, close to which a lamp is placed. 
It is evident that the rays transmitted by the aperture will pursue 
the same course in reaching the point of the needle, as the visual 
rays from that point to the eye, but in a contrary direction, 
and being transmitted through the movable microscope, the eye 
will perceive an image of the bright spot of light throughout that 
angular apace that represents the true aperture of the object glass 
examined. The applications of this instrument in the construction 
of object-glasses are too numerous to be here detailed : amongst 
the most obvious of which may be mentioned the ready means it 
presents of determining the nature, and measuring the amount of 
the aberration in any given optical combination. 

The important subject of Illumination was then so far considered 
as the short space of time allotted to the discourse would permit. 
It may be taken as an axiom that in the illumination of transparent 
objects, the amount of definition will depend on the accuracy with 
which the illuminating rays converge upon the several points of 
an object •, consequently the source of light and the field of view 
must be the conjugate foci of the illuminator, of which an achro- 
matic combination, similar to an object-glass, is the best form, and 
the common mirror usually employed is probably the worst, 
inasmuch as in a pencil of rays obliquely reflected at a spherical 
surface, no focal point exists. 

The firjst com|}Ound microscopes on record, as those of P. 
Bonnani, about 1697, which was placed horizontally, and that of 
J. Marshall in the beginning of the eighteenth century, which was 
vertical, were furnished with central condensers, but in later 
years the perfection of the illuminating apparatus has by no means 
kept pace with that of the ocular portion of the microscope, 
though scarcely of less importance, in attaining the utmost practi- 
cable perfection in the vision of microscopic objects. 

The advantages of employing an achromatic condenser were 
first pointed out by Dujardin, since which time an object-glass 
has been frequently, but inconveniently employed, and more 
recently achromatic illuminators have been constructed by mdst 
of our instrument-makers. 

Some years since "^r. Gillett was led by observation to apprjie« 
ciate the importance of controlling not merely the quantity of 
which may be effected by a diaphragm placed any where between 
the source of light and the object, but the angle of aperture of the 
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illumitmting pencil, which can be effected only by a diaphragm 
placed immediately behind the achromatic illuminating combi^ 
nation. An elastic diaphragm, or artificial pupil as it might be 
colled, was first proposed by Mr. Brooke, which was shewn to 
answer very well in a large model, and produced a remarkable 
semblance of vital contractility ; but mechanical difficulties inter* 
fered with its application, and the revolving diaphragm in the 
instrument, now well known as Gillett*s condenser, was sub- 
stituted.* 

When the rays of light converging on the field of view meet at 
a greater angle than that of the e&treme rays that can enter the 
ohject-glass, the dark -ground illumination is produced, in which 
the objects are seen in strong lines of light on a dark ground 
this is best suited to objects having a well-marked outline, such as 
the spicula of sponge, or the shells of the polygastrica. Tliis may 
be effected either by Wenham's truncated parabolic reflector, or by 
a central opaque stop in Gillett's condenser. 

The value of this kind of illumination in certain cases was shewn 
by its effect in renderkig visible the persistent cell-walls in a speci- 
men of bard vegetable tissue, a section of a plum- stone, which 
could hardly be distinguished by the ordinary, or bright^g^ound 
illumination. 

A white cloud brightly illuminated by the sun has long been 
recognised as the best source of illumination, but as this is not 
often obtainable, the light of a lamp thrown upon a flat surface 
of plaister of Paris, or powdered carbonate of soda, has been used 
as a substitute. A flat surface of white enamel finely ground, but 
not polished, has been used with advantage by Mr. Gillett, os 
the surface can always be rendered perfectly clear by a little 
soap and water. By either of these means the glare resulting from 
throwing the unmodified light of a lamp on the object is com- 
pletely obviated. 

The effect of glare or diffused light in interfering with the vision 
of an object was illustrated by reference to an experiment of 
Professor Faraday's, in which a screen of gauze partially blackened 
is held in front of a printed placard or diagram 3 the diffused 
light reflected from the white gauze considerably obscures the 
o^ect, which is scarcely interfere witli by the blackened portion. 

The influence of illuoiination upon definition was rendered very 
evident by placing the two halves of a fly's ton^e, similarly 
mounted, under two microscopes having precisely similar object- 
glasses and eye-pieces 3 the one was carefully illuminated by an 
achromatic condenser, and artificial white cloud 3 the other, by the 
light of a similar lamp reflected from a concave mirror : the dif- 


• A description of this very useful appsjatus has been recently published in 

the ** Elements of Natural Philoaophy,” by Golding Bird and Charles Brooke. 
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ference was so conspicuous, that some were inclined to doubt the 
identity of the objects. 

The whole subject of the illumination of opaque objects, as well 
as that of oblique illumination, by Kingsley's condenser^ and by 
the prisms of Nachet and Amici, of which diagrams were exhibited, 
and by other means, was unavoidably omitted 

Microscopes by the three leading makers were placed on the 
table ; between the optical parts of which Mr. Brooke declined the 
task of drawing any invidious distinctions. He however expressed 
a preference for the stand of Mr. Ross, on account of its having 
a secondary stage with rectangular adjustments, and a rotatory 
movement by which any iliumimating apparatus may be made to 
revolve after its axis has been brought to coincide with that of the 
microscope. 

A stand by Mr. Ladd was also exhibited, in which the various 
movements are effected with great smoothness, and without ** loss 
of time,*' by means of wrapping chains : also the ingenious appa- 
ratus of Mr. Highley, for obtaining photographs of microscopic 
objects, of which time did not admit of any explanation being 
offered. 

In a curious and complicated microscope, the property of Prof. 
Quekett, constructed about the middle of the last century by 
Benjamin Martin, might be noticed several points of construction, 
that have been introduced as recent improvements. 


[C. B.] 



Friday, March 31. 

Col. Philip J. Yorkb, F.R.S. President of the Chemical Society, 
in the Chair. 

John Hall Gladstone^ Esq., Ph. D., F.R.S. 

On Chemical Affinity among Substances in Solution. 

An historical sketch of the development of the ideas of chemists 
concerning “ Affinity'* was first given. The dogma of Hippocrates 
that “ Like combines only with like," was shewn to be superseded 
by the view of Glauber and others, that unlike substances com- 
bine most readily : and that where two bodies have an affinity for 
one another, it is a sign that they have no affinity with one another. 
The viewa , of Newton and Boyle in reference to the diflPerent de- 
grees 61 strength of affinity were then considered, and particular 
attention was directed to the doctrine of Bergmann, that when a 
decomposition takes place by means of the greater elective attrac- 
tion of a third body, that decomposition is complete. In op- 
position to this, Berthollet contended that in all such cases of 
composition, or decomposition, there takes place a partition of the 
base, or subject of the combination, between the two bodies whose 
actions are opposed ; and that the proportions of this partition are 
determined, not solely by the difference of energy in the affinities, 
but also by the difference of the quantities of the bodies, — by their 
physical condition, — and by that of the combinations capable of 
being generated. These views did not meet with a favourable 
reception at the time of their promulgation ; and the attention of 
chemists had been drawn away from the subject until within these 
last few years, when Malaguti, Bunsen, Debus, and Williamson, have 
published investigations bearing upon the point. The Lecturer then 
stated that before any of these papers appeared, he had been 
thinking of and performing some experiments upon the subject in 
question, and that he was still continuing them. 

After a few experiments illustrative of Chemical combiuation " 
and of Elective Affinity," others were introduced to show how 
easily this latter phenomenon was affected by circumstances. Thus 
ammonia will displace alumina from a solution of the sulphate, but 
on the other hand, alumina will displace ammonia when heated with 
the solid sulphate of that volatile base ; whilst if solutions of chloride 
of aluminum and sulphate of ammonia be mixed and evaporated, 
crystals of the double sulphate, ammonia-alum, will appear. There 
were on the table two white salts ; the one had been carbonate of 
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baryta, but by boiling with exqesa of sulphate of potash, it had been 
converted into the sulphate ; the other had been sulphate of baryta, 
but by long continued boiling with much carbonate of potash* it had 
anffeied the opposite change into the carbonate. The Lecturer then 
stated that so great is the influence exerted by these various circum* 
stances, that some have doubted whether there he a true elective 
aflinity he however believed that after making every allowance for 
known causes there is still a residuary phenomenon to which that 
name is the most appropriate. Allowing then, with Bergmann, 
that relative degrees of affinity exist, the question arises:— Is 
Berthollet's law also correct? It is very difficult to arrive at a 
satisfactory answer, since it is almost impossible to eliminate 
other influences. Several reactions, however, were mentioned 
as tending to show that therg is some truth in the law 
for instance, the solution of gold in hydrochloric acid upon the 
addition of nitrate of potash. The experiments of Bunsen on 
mixtures of carbonic oxide and hydrogen, exploded with a quantity 
of oxygen insufficient for complete combustion $ and those of Debus 
on the precipitation of mixed hydrates of lime and baryta by carbonic 
acid, were explained ; as also th^ remarkable fact noticed by both, that 
the resulting products were always in certain atomic proportions to 
one another. But in both these cases the first products of the 
chemical action are removed at once from the field : it is quite 
another case when they remain free to act and react on one anotiier. 
Supposing they all remain in solution, the requisite is fulfilled ; but 
how are we to know what has then taken place ? Malaguti thought 
to obtain an indication of this by mixing the aqueous solutions of 
two salts, one of which is soluble in alcohol, and the other is 
insoluble, and then pouring them into very strong alcohol, and 
analyzing the salts immediately thrown down. His results are 
tabulated ; they are valuable, but to some extent open to objection 
on account of the disturbing influence of the alcohol. Some 
observations of Professor Graham, and others of Professor William- 
son, as yet unpublished, were then spoken of, and the Lecturer 
proceeded to describe his own endeavours to arrive at a knowledge 
of the intimate constitution of a mixture of salts in solution by 
observing their physical properties, especially colour. 

If solutions of one equivalent of nitrate of iron, and a triple equi- 
valent of sulphocyanide of potassium he mixed, a blood-red colour 
results owing to the formation of sulphocyanide of the sesquioxide 
of iron; the question arises- — Has all the iron left the nitric acid to 
unite itself with the sulphocyanogen ? It has not ; for on the 
addition of equivalent after equivalent of sulphocyanide of potassium, 
a deeper red is constantly obtained. The arrangement by whi^h 
this deepening of colbnr was quantitatively determined was explain^, 
and imitated on the lecture table. The result was that even up to 
375 equivalents, a regular increase was observed to take place, more 
rapidly at first than afterwards, which was exhibited to the eye by 
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the results being projected as a curve. Again, as in the mixture of 
equal equivalents of the two salts, some iron still remains in combina- 
tion with the nitric acid, a portion of the potassium must still remain 
united to the sulphocyanogen. Accordingly, the addition of more iron 
salt also gives a deeper colour. The curve expressing the results of 
this experiment was a regular continuation of the curve formerly 
mentioned ; and neither of them exhibited any of those sudden transi- 
tions which the experiments of Bunsen and Debus present. Dia- 
grams exhibiting curves of the gallate and meconate of iron were 
also exhibited. Various experiments were then performed, showing 
the alteration in the resulting colour upon any change of any of the 
elements in the primary experiment ; for instance, the substitution of 
other acids for the nitric acid, or of other bases for the potash. On 
the addition of a colourless salt to a coloured one, there results a 
diminution of the colour greater than the mere dilution would have 
produced, as was exemplified in the cases of the red sulphocyanide 
of iron mixed with sulphate of potash, and of the scarlet bromide 
of gold mixed with chloride of potassium. The lecturer accord- 
ingly drew the conclusion that when two salts mix without precipi- 
tation or •v«?lotilization, the acids and bases frequently, if not uni- 
versally, arrange themselves according to some definite proportion ; 
and that this depends on the relative quantity of the two salts, as 
well as upon the proper affinities of the substances composing them. 
He was unable then to enter upon the influence of heat, or of dilu- 
tion in certain cases, or to add any remarks connected with double 
salts, or with other metals, or upon certain practical applications of 
these views in chemical and physiological science. 

The fact that we very frequently find the double decomposition of a 
salt to be complete , the whole of one of its constituents being pre- 
cipitated, was shown to be easily explained on the principles of 
BerthoUet. Thus, for instance, when chromate of potash and 
nitrate of silver are mixed, at the first moment a divbion will take 
place producing four salts, but one of these — the chromate of 
silver, is thrown down at once as a precipitate, and thus put out of 
the field of action. Another division of the acids with the bases 
must take place, producing of course more of the insoluble chromate, 
and so on till at length the whole of the silver is removed. And 
that this is really what does take place is rendered almost certain by 
the fact that wherever by an interchange of acids and bases a pre- 
cipitate can be produced, that precipitate does form ; and, if the 
substance be perfectly insoluble, the whole is thrown down; this 
occurring in opposition to all rules of “ affinity,’* and to all tables 
that Bergmann, or any other chemist, ever did or could construct. 
The volatility of one of the products acts in the same manner as in- 
solubility, as is exemplified in the decomposition of carbonates by 
any other acid. Crystallization also is but another phase of the same 
phenomenon. An experiment was exhibited in iUustration of this. 
Dilute solutions of nitrate of lime, and sulphate of soda, were mixed 
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at the ordinary temperature without producing any separation of 
solid matter ; hnt they were so proportioned that u^n heating the 
mixture, the crystallization of some sulphate of lime was determined, 
and when once this had commenced, it progressed rapidly; re- 
sembling in that respect the ordinary phenomena of precipitation. 
If in a double decomposition a far larger quantity of a sparmgly 
soluble salt be produced at the first moment than the water can dis- 
solve* the crystals will be formed rapidly and will accordingly be 
very small in size; but should there be formed at once only just 
sufficient to determine a separation in the solid form, the crystals 
will grow gradually, and will often attain a large size. This was 
exemplified on the mixture of nitrate of silver with the sulphates of 
copper and of potash respectively. 

It is possible that the law of Berthollet may not be universally 
applicable ; yet the present advanced state of science shows that not 
only is there^ as Bergioann insisted, a true chemical affinity, that is — 
a preference of one substance to combine with a certain other sub- 
stance instead of a third, — but. in a great number of instances at 
least, this substance will combine with both according to certain 
proportions, whenever the whole of the affinities can be brought into 
play at the same time. 

[J. H. G.] 



Friday, May 19. 

W. R. Grove, Esq., Q.C., F.R.S., Vice-President, in the Chair. 

John Tyndall, Esq., Ph.D., F.R.S. 

PROFESSOR OF NATURAL PHILOSOPHY IN THE ROYAL INSTITUTION. 

On some Phenomena connected with the Motion of Liquids, 

The Lecturer commenced by referring to certain phendmena 
exhibited by liquids, and at variance with our commonly re- 
ceived notions as lo their non-cohesive character. According 
to Donny, when the air has been as far as possible expelled 
from water by persistent boiling, such water possessess an ex- 
traordinary cohesive power, sufficient indeed to permit of its 
being heated to a temperature of 275“ Fah. without boiling. 
The adhesion of water thus prepared to the surface of a glass 
tube was shewn experimentally ; the force being sufficient to 
sustain a column of water of considerable height. The contractile 
force of a soap-bubble was referred to j and the Lecturer passed 
on to the exhibition of the phenomena resulting from the shock 
of two opposing liquid veins. In this case, though the forces 
are in opposite directions, motion is not annihilated 5 but the liquid, 
as first shewn by Savart, spreads out so as to form a thin trans- 
parent film, the plane of which is at right angles to the direc- 
tion of the jets. By varying the pressure on one side or the 
other, or by making the jets of dififerent diameter*;, the plane film 
could be converted into a curved one, and sometimes actu^llly 
caused to close, so as to form a pellucid sack. A cistern, situa- 
ted at the top of the house and communicating by pipes with 
the lecture table, placed a considerable pressure at the disposal of 
the Lecturer, and enabled him to exhibit in a striking manner 
the various phenomena described by Savart in his researches on 
the motion of liquids. A vein was caused to fall vertically upon 
a brass disk upwards of three inches in diameter : the liquid 
spread laterally on all sides and formed an umbrella-shaped 
pellicle of great size and beauty. With a disk of an inch in 
diameter, a pellicle of at least equal magnitude was formed. 
When a candle was placed underneath the curved sheet of water 
a singular effect was produced. The film above the candle was 
instantly dissipated ; and on moving the candle, its motion was 
followed by a corresponding change of the aqueous surface. 
On turning a suitable cock so as to lessen the pressure, the 
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curvature of the film became increased, until finally the mole- 
cular action of the water caused it to form a curve returning 
upon itself, and exhibiting the appearance of a large flask. 
When the film completely embraced the vertical stem which 
supported the brass disk, a change in the form of the liquid 
fiask was observed, the latter became elongated, and was some- 
times divided into two portions, one of which glided down the 
vertical stem and was broken at its base. When the jet was 
projected vertically upwards, large sheets were also obtained. 
The jet was also suffered to fall into small hollow cones of various 
apertures, and the shape of the liquid sheet received thereby 
some beautiful modifications. The inclosed sides of the hollow 
cone gave the liquid an ascending motion which, combined with 
the action of gravity, caused the film to bend and constitute a vase- 
shaped surface of great beauty. The Lecturer next referred to the 
constitution of a liquid vein 3 he had pointed out, some years 
ago, a simple mode of observing this constitution by means of the 
electric spark ; this method corroborated the result before arrived at 
by Savart, that the lower portion of a liquid vein owes its turbidity 
to the fact of the mass being there reduced to drops, although the 
quickness with which they succeed each other gives the eye the 
impression of continuity. Savart*8 last experiments on this subject 
were repeated : a tube about five feet long and two inches wide 
had a perforated brass disk fixed at its lower extremity ; the tube 
was filled with water, which, after it had become motionless, was 
permitted to issue from an orifice pierced in the centre of the 
disk. As the liquid escaped it gave birth to a succession of mu- 
sical notes of sufficient intensity to be distinctly heard 'Through- 
out the theatre. That these notes were not due to the nlotion 
imparted to the air by the descending drops of the liquid vein 
was proved, first, by intercepting the vein in its continuous 
portion, and secondly, by permitting it to discharge itself into a 
vessel containing water, the orifice being caused to dip beneath 
the surface of the latter. In this case the mass of -liquid was con- 
tinuous. but the notes were nevertheless produced 3 thus shewing 
that the vibrations which produce them must take place in the glass 
cylinder itself j — and corroborating the conclusions arrived at by 
Savart from his earliest experiments on this subject. The pitch 
of the note depends upon the height of the liquid column which 
produces it; and by attaching a tube of an inch in diameter, 
furnished with a perforated bottom, to a cylindrical vessel aibout 
eighteen inches wide, and filling the whole with water, a no^ of 
long duration and of sensibly constant pitch was obtained, i 
The Lecturer q^ncluded with an experimental illustration of the 
total reflexion of light at the common surface of two media of dif- 
ferent refractive indices.. The tube communicating with' the 
reservoir before referred to was fitted into the top of a small 
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box, into one of the sides of which was fitted a glass tube three 
quarters of an inch wide and five inches long. The side of the 
box opposite to that through which the glass tube was introduced 
was of glass. Behind the box was placed a camera, by means of 
which the electric light could be condensed and caused to pass, first 
through the glass back of the box, and then through the tube in 
front, so as to form a white disk upon a screen held in the direct 
path of the light. When, however, the cock was turned so as to 
permit water to spout from the tube, the lig!'t on reaching the 
limiting surface of air and water was totally reflected, and seemed 
to be washed downward by the descending liquid, the latter 
being thereby caused to present a beautiful illuminated appear- 
ance. 

[J. T.] 



Friday, May 26, 

Sir Hsnrt Holland, Bart., M.D., F.R.S., Vice-President, 
in the Chair. 

B. C. Brodib, Esq., F.R.S, 

On Melting Points. 

When the temperature of certain substances is raised, they pass 
from the solid to the fluid and from the fluid to the gaseous con- 
dition. These transitions are attended with the absorption of heat. 
There are other bodies which by elevation of temperature undergo a 
transformation of a difl!erent kind. Thus, when liquid phosphorus 
is heated, in such a manner that its change into the gaseous con- 
dition is prevented, at a certain temperature it becomes solid, and 
passes into the red modification ; these allotilopic changes also are 
invariably attended with evolution or absorption of heat. 

Considerable anomalies are found in the statements which dif- 
ferent experimenters have made as to the melting point of sulphur. 
The cause of these discrepancies lies in the facility with which the 
allotropic condition of sulphur is altered by heat. The melting 
point of octohedral sulphur lies very close upon the point at which 
it undergoes a change into the oblique-prismatic conditm. When 
this sulphur has been melted, it passes more or less completely into 
a third allotropic fonn. For these reasons, the melting point taken 
was, never that of a pure sulphur. However, by certain precautions 
in experimenting, the true melting points of sulphur have been 
ascertained. 

The experiment cannot be made in the usual manner of taking 
a melting point, namely, by placing a thermometer in the fluid sub- 
stance, and observing the point of solidification. Fluid sulphur 
is always a mixture of more than one modification. The experiment 
is made by placing minute fragments of sulphur in thin glass-tubes, 
immersing the tubes in a bath of dilute sulphuric acid, and observing 
the temperature of the fluid at the melting of the substance. Ex- 
periments thus conducted have shewn that the melting point of octo- 
hedral sulphur is 114*5®C. and of the oblique sulphur 120‘‘C., This 
latter sulphur is obtained in a pure condition by heating the octo- 
hedral sulphur at a temperature below its melting point, from 100** 
to IKTC. Thfs change invariably takes place when the splphur 
is exposed, even momentarily, to this temperature in a stfite of 
powder. 

The solidifying point of melted sulphur varies according to the 
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temperature to which it has been raised in the melted condition. 
Powdered sulphur, carefully melted so as not to raise its temperature 
above one degree beyond its melting point, will solidify precisely at 
its melting point, 120® C. If, however, the temperature be raised 
to 300® C. it will solidify at about 110®C. The cause of this dif- 
ference is, that the sulphur in the latter case always qontains a large 
portion of a third modification, namely, the viscid form of sulphur. 

There are some remarkable anomalies in melting points which do 
not so readily as the above admit of explanation. Under certain 
circumstances drops of sulphur will remain in the liquid condition 
at a temperature far below the true point of solidification, and solidify 
instantaneously when touched. The same is the case with phos- 
phorus. Water contained in a capillary tube may be immersed without 
freezing in a mixture cooled to — 1 10® C. The same experiment may 
be made with a considerable quantity of water if the surface be pro- 
teeted by a thin layer of aether. In these cases the water instantly 
freezes by agitation or by touching the surface with a solid body. 
Similar observations have been made in the crystallization of certain 
salts. A solution of sulphate of soda made at 30® or 40® C. will 
not cryataliile on cooling, provided the fiuid be not disturbed, but 
instandy crystallizes on touching the surface with a wire. This 
phenomenon does not take place with all solutions. A solution of 
nitre crystallizes normally. There is also a difference of degree in 
this property. A solution of borax will remain in an open flask in 
the supersaturated condition, and crystallizes only on violent agitation. 

An experiment was shewn by which a connexion was established 
between this class of facts and those of which mention was first 
made. Two tubes were exhibited, each containing the same quantity 
of sulphur dissolved in the same quantity of bisulphide of carbon. 
One tube had crystallized in the normal manner, the other had de- 
posited no crystals. The sulphur had in both tubes been dissolved 
at the same time and in the same manner. But the tube in which 
the sulphur did not crystallize had been exposed to a higher tem- 
perature than the other tube. In this case therefore it was evident 
tl^at the cause of the supersaturated condition was an alteration of 
the substance induced by heat. On breaking the point of the tube 
and agitating the fluid with a wire, the sulphur instantly crystallized. 
The analogy was pointed out of the sudden alteration of this con- 
dition by agitation and contact, and the decomposition which many 
chemical substances, such as the iodide of nitrogen, undergo by 
similar causes. 

[B. C. B.] 



Friday, June 2. 

William Robert Grove, Esq., Q.C., F.R.S., Vice-President, 
in the Chair. 

Dr. E. Frankland, F.R.S. 

On the dependance of the Chemical properties of Compounds upon the 
Electrical character of their constituents. 

The Lecturer first directed attention to the remarkable continuity 
and correlation of the natural forces, owing to which, the phi- 
losopher, seeking to eliminate the effects legitimately due to each, 
frequently experienced the greatest difficulty in separating the true 
results of a single force, from the cognate influence of other 
forces. Such difficulties were more especially encountered in the 
manifestations of the chemical force or chemical affinity, which 
rarely or never acted singly and alone, but was constantly accotn- 
panied, modified, and controlled, by collateral forces, which alter- 
nately exalted, depressed, or altogether inverted it. 

The powerful influence of cohesion and heat especially attracted 
the attention of BerthoUet, and so impressed that profound philoso- 
pher with their potency, as to lead him to ignore coifl|)letdy the 
existence of a separate chemical force. Notwithstanding the other- 
wise singularly ingenious and sound conclusions of this chemist, 
the Lecturer believed that later researches had demonstrated the 
total denial of a distinct chemical force to be untenable. 

The influence of electricity upon chemical affinity was perhaps 
even still greater than that of cohesion or heat ; the most power- 
ful combinations being broken up by this agent, if its operations 
were favoured by the two conditions — mobility of particles (fluidity), 
and conductibility of the electric current. The phenomenon of 
the evolution of the separate elements of a binary compound, at 
the opposite poles of the decomposing cell, was one of the most 
remarkable attending the resolution of compounds into their elements 
by the electrical force. It immediately attracted the attention of 
philosophers, and almost forced upon them the conclusion, th|t such 
elements were oppositely electrified. 

Davy was tlje first to seize upon these facts and model them 
into an electro-^emical theory, which, notwithstanding its 4^fects, 
was at least as soundly philosophical as those which succeeded 
it. Davy supposed that the elements in their uncombined con- 
dition did not contain free electricity, but that by contact they 
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became excited. Thus, a particle of sulphur became negative when 
placed in contact with a particle of copper, which last was simul- 
taneously rendered positive : the application of heat intensified the 
charge, until at a certain point, the tension of the two electrici- 
ties became so high, that they suddenly re-combined, carrying with 
them the molecules of copper and sulphur, which were thus 
intimately mingled, whilst evolution of heat and light resulted 
from the combination of the two electricities. Ampere and Ber- 
zelius subsequently attempted to remove some of the difficulties, 
which were encountered in endeavouring to make Davy's theory 
embrace all chemical phenomena. Ampere considered each element 
to be permanently endowed with a definite amount of one or the 
other electricity, being thus invariably either electro-positive or 
electro-negative to an extent dependent upon the intensity of the 
charge. Such a naturally charged molecule Ampere imagined to 
attract around it an atmosphere of the opposite dectrieity of cor- 
responding intensity, and that when two molecules oppositely 
charged were brought in contact, their atmospheres of electricity 
united, giving rise to the heat and light of chemical combination, 
whilst 'the original charge retained the attracting molecules in per- 
manent union. Although this theory elucidated some points which 
Davy’s view left unexplained, yet it would not be difficult to start 
several very serious objections to it : the attempted removal of these 
gave rise to the electro-chemical theory of Berzelius, who sup- 
posed that each element contained the two electricities, but that 
the one was more powerfully developed than the other, as in 
the case of a magnet in which one pole, by being divided, was 
apparently weaker than the other. In chemical combination, Berze- 
lius imagined, that one of the electricities of each element was 
discharged, producing the heat and light of chemical action, whilst 
the other was retained and served to hold the elements in combi- 
nation. 

But these attempts of Ampere and Berzelius to improve the 
theory of Davy succeeded perhaps less in perfecting our views of 
electro-chemical phenomena, than in demonstrating the necessity 
for much further research, before these phenomena could be satis- 
factorily interpreted ; for these theories, in which different degrees 
of affinity were explained by differences in the degree of elec- 
trical excitement, have been proved radically defective by the 
remarkable discovery of Professor Faraday, that compounds, whose 
elements were united by the most dissimilar degrees of affinity, 
required equal quantities of electric force for their decomposition. 

Such defects in the attempts to account for chemical phenomena 
by electrical agency led Dumas and other chemists to reject 
altogether the idea of electro-chemical combination. Dumas re- 
garded a chemical compound as a group of molecules connected by 
a single force in a manner analogous to a planetary system, and the 
chemical character of a compound as dependant upon the position 
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of the separate molecules, and not upon their individual character. 
This beautiful and highly poetical view would neither have received 
such an extensive adoption, nor have been the parent of such 
numerous and brilliant discoveries in the organic portion of the 
science, if it had not contained a profound truth : nevertheless the 
Lecturer conceived that the total abnegation of the influence of the 
electrical character of elements upon the chemical properties of 
their compounds, implied by this theory of types, was directly 
opposed to many of the phenomena of chemical combination, which 
invariably revealed such a connection. 

The effect of successive additions of oxygen to an electro-positive 
element, in gradually weakening its basic, and consequently electro- 
positive, qut^ties, and finally converting it into an acid, or electro- 
negative body, was well known in the case of manganese, iron, 
chromium, gold, &c., but the effects of the juxtaposition of two or 
more elements of similar electrical character had not hitherto been 
much studied. Granting the existence of an electrical charge as- 
sociated with the molecules of matter, it was evident that such a 
union of atoms, as that just mentioned, would resemble two ap- 
proximated globes similarly electrified. Now the effect of the ap- 
proximation of two such globes would be the intensification of the 
charge of each ; and therefore, if there were any connection between 
electrical and chemical character, it would hie exemplified by an 
increased energy of affinity under such circumstances. Examples 
of snch an approximation of atoms of similar character were not 
wanting, even amongst inorganic bodies : thus the compounds of 
chlorine with oxygen were remarkable instances of the union of 
like atoms ; and we saw in several of them the truth oAhe fore- 
going proposition fully borne out. Hypochlorous, chlorous, and 
chlorip acids were all* distinguished by the intense energy of their 
affinities and contrasted strongly with the compounds of oxygen or 
chlorine with electro-positive elements. 

The compounds of phosphorus with hydrogen also exemplified 
the same effect. Phosphorus, though usuiffiy regarded as an electro- 
negative body, was yet far more closely associated in its general 
chmcter with the metals than with the hietalloids; we were 
therefore entitled to regard a compound of this element with 
hydrogen, as a juxtaposition of two similarly electrified atoms. Now 
two of the compounds of phosphorus with hydrogen, viz. bin- 
hydride and ter-hydride of phosphorus, were remarkable for the 
intensity of their infinities, the one being spontaneously inflamiiiable 
and the other merely requiring a diminution of pressure, ^hen 
mixed with atmospheric air or oxygen, to determine its combuition. 

But the influence of the electricid character of elements upoh the 
chemical properties of their compounds was perhaps most strikingly 
seen in the behaviour of the organo-metallic boffies, nearly lill of 
which had only recently been discovered. Most of these bddies, 
which, in their isolated condition, consisted of two or more iimi- 
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larly electrified atoms, were distinguished by an intensity of affinity 
aifinity which was quite foreign to their proximate, or even elemen- 
tary, constituents. Zinc and methyl, for instance, were neither of 
them distinguished for any remarkable energy of affinity in their 
free state ; but united as zinc-methylium, they formed a compound 
whose combining energy surpassed that of all known bodies, and 
this behaviour was shared in also by the corresponding compounda 
of zinc with ethyl and amyl. In cacodyl, staoethylium, stibethy- 
lium, and the new compounds of arsenic with ethyl, we had addi- 
tional and striking evidence of the same law, for the affinities of 
arsenic, tin, and antimony, were, in these compounds, exalted in 
a most remarkable manner by the approximation of similarly elec- 
trified atoms. 

These examples seemed to prove clearly the great influence of 
the electrical character of elements upon the chemical properties 
of their compounds ; but further study of the subject also revealed 
the paramount influence of molecular structure, which modified and 
controlled the effects of electrical character, and limited all affinity 
however heightened by electric induction. To this effect of mo- 
lecular^ arrangement was no doubt to be attributed the occurrence 
of some apparent anomalies which, at first sight, appeared to 
contradict the general law just laid down, such as perchloric acid, 
biphosphide of hydrogen, &c. ; but the pursuit of the subject into 
this ramification would have far exceeded the limits of the lecture, 
the chief object ot which was to point out that, ^though all the 
electro-chemical theories hitherto proposed were far from satisfac- 
tory, yet, that amongst the factors of chemical action, the electrical 
character of elements could not be denied a place, withodt ignoring 
and leaving unexplained some of the most remarkable of chemical 
phenomena. [£. F.J 
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Friday, June 9. 


Sir Henkt Holland, Bart., M.D., F.R.S., Vice-President, 
in the Chair. 

Professor Faraday, D.C.L., F.R.S. 

On Magnetic Hypotheses, 

This discourse, the purpose of which was to direct the attention of 
the audience to the different hypothetical attempts made to account 
physically for the known properties of matter in relation to its 
magneto- electricfd phenomena, followed on very naturally to that 
of Dr. Frankland on the 2nd instant, who then gave an account 
of the different views advanced by Davy, Ampfercy and Berzelius, 
of the manner in which electricity might be assTOiated with the 
atoms or molecules of matter, so as to account for their electro- che- 
mical actions, and of the logical and experimental objections which 
stood in the way of each. On the present occasion reference was 
first made to Coulomb’s investigations of mutual magnetic actions ; 
to the hypothesis advanced by him, that two magnetic fluids, asso- 
ciated with the matter of magnetic bodies, would account for all 
the phenomena ; and to Poisson’s profound mathematical investiga- 
tion of the siifiUciency of the hypothesis. Then Oersted’s discovery 
of the relation of common magnetism to currents of electricity was 
recalled to mind : — hence an enormous enlargement of the scope 
of ma^etic force and 'of our knowledge of its actions; and hence 
Ampere’s beautiful investigations, and his hypothesis (also sustained 
by the highest mathematical investigation), — that all magnetic phe- 
nomena are doe to currents of electricity ; and that in such bodies as 
magnets, iron, nickel, &c. the atoms or particles have naturally 
currents of electricity running round them in one direction, about 
what may be considered as their equatorial parts. After Oersted’s 
time, further experimental discoveries occurred ; currents of elec- 
tricity were found competent to induce collateral currents, and 
magnets proved able to produce like currents ; thus shewing the 
identity of action of magnets and currents in producing effects of 
a kind different to ordinary magnetic attractions and repulsions. 
Then diafhagnetism was discovered, in which actions analogous to 
those of ordinary magnetism occurred, but with the antithesU of 
attraction for repi^sion and repulsion for attraction : and tiese 
were so extensive, that whatever bodies were not magnetic proved 
to be diamagnetic ; and thus all matter was brought under the 
dominion of that magnetic force, whose physical mode of action 
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hypothesis endeavours to account for. As the hypothesis of Am- 
pere could not account for diamagnetic action, some assumed that 
magnetic and electric force might, in diamagnetic matter, induce 
currents of electricity in the reverse direction to those in magnetic 
matter ; or else might induce currents where before there were none : 
whereas in magnetic cases it was supposed they only constrained 
particle-currents to assume a particular direction, which before were 
in all directions. Weber stands eminent as a profound mathe- 
matician who has confirmed Ampere's investigations as far as they 
proceeded, and who has made an addition to his hypothetical views ; 
namely, that there is electricity amongst the particles of matter, 
which is not thrown into the form of a current until the magnetic 
induction comes upon it, but which then assumes the character of 
current, having a direction the contrary to that of the currents 
which Amp^e supposed to be always circulating round magnetic 
matter ; and so these other matters are rendered diamagnetic. 

De la Rive, who has recently most carefully examined the various 
hypotheses, and who as an experimentalist and discoverer has the 
highest right to enter into the consideration of these deep, searching, 
and difiSbalt enquiries, after recalling the various phenomena which 
shew that the powers concerned belong to the particles of matter 
and not to the masses merely, (the former conferring them by 
association upon the latter,) then distinguishes magnetic action 
into four kinds or modes,— namely, the ordinary, the diamagnetic, 
the induction of currents, and the rotation of a ray ; and points out 
that any acceptable hypotheses ought to account for the four modes of 
action, and, it may be added, ought to agree with, if not account 
for, the phenomena of electro-chemical action also. De la Rive 
conceives that as regards these modes of action this hypothe- 
tical result may be obtained, and both Ampere and Weber *s views 
alto retained in the following manner. All the atoms of 
matter are supposed to be endowed with electrical currents of 
a like kind, which move about them for ever, without diminution 
of their force or velocity, being essentially a part .of their nature. 
The direction of these currents for each atom is through one 
determinate diameter, which may therefore be considered as the 
axis. Where they emerge from the body of the atom they divide 
in all directions, and running over every part of the surface 
converge towards the opposite end of the axis diameter, and 
there re-enter the atom to run ever through the same course. 
The converging and diverging points are as it were poles of 
force. Where the atoms of matter are close or numerous in a 
given space, (and chemical considerations lead to the^admission 
of such cases,) the hypothesis then admits that several atoms 
may conjoin into a ring, so that their central or axial currents 
may run one into the other, and not return as before over the 
Burjface of each atom : these form the molecules of magnetic 
matter, and represent Ampere's hypothesis of molecular currents. 
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Where the atom»» being fewer in a given space, are farther 
apart, or where, being good conductors, the current runs as freely 
over the surface as through the axis, then they do not form 
like groups to the mol^ules of magnetic matter, but are still con- 
sidered subject to a species of induction by the action of external 
magnets and currents ; and so give rise to Weber’s reverse currents. 
The induction of momentary currents and the rotation of a ray 
are considered by De la Rive as in conformity with such a sup- 
position of the electric state of the atoms and pazticles of matter. 

The Lecturer seemed to think that the great variety of 
these hypotheses and their rapid succession was rather a proof 
of wealmesfli, in this department of physical knowledge than of 
strength, and that the large assumptions which were made in 
turn for each should ever be present to the mind. Even in the 
most perfect of them, t. e. De la Rive’s, these assumptions are 
very considerable ; for it is necessary to concefve of the molecules 
as being flat or disc-like bodies, however numerous the atoms 
of each may be ; also that the atoms of one molecule do not 
interfere with or break up the disposition of those of another 
molecule: also that electro-chemical action may consist with 
such a constituted molecule; also that the motive force of each 
atom current is resident in the axis, and on the other hand that 
the passage of the current over the surface offers resistance; 
for unless there were a difference between the axial and the 
surface force in one direction or the other, the atoms would have 
no tendency to congregate in molecules. In making these 
remarks, however, the speaker had no thought of depreciating 
hypothesis or objecting to its right use. No discoveTBr could 
advance without it ; and such exertions as those made by De la 
Rive, to bring mto harmony thoughts which in their earlier forms 
were adverse to each other, were of the more value, because 
they were the ‘exertions of a man who knew the value both of 
hypothesis and of laws, of theory and of fact, and had given 
proofs of the power of each by the productions of his own mind. 
Still the speaker advocated that mental reservation which kept 
hypothesis in its right place and which was ready to abandon it 
when it failed ; and as examples referred to Newton, who (as is 
shewn by his Letters to Bentley) had very strong convictions of 
the physical nature cff the lines of gravitating force, yet in what he 
publicly advanced stopped short at the law of action of the force, 
and thence deduced his great results ; — and also to Arago, who, 
discovering the phenomena of magnetic rotation, yet not per- 
ceiving their physical cause, had that philosophic power of mind 
which enabled hin^to refrain from suggesting one. 

[M. Jt] 



Friday, January 19. 

William Robekt Grove, Esq. Q.C. F.R.S. Vice-President, 
in the Chair. 

Professor Faraday, D.C.L. F.R.S. 

0?i some points of Magnetic Philosophy, 

The magnetic and electric forms of power, being dual in their 
character, and also able to act at a distance, will probably aid greatly 
in the development of the nature of physical force generally : and if 
(as I believe) tlie dualities are essential to the forces, are always 
equal and ecpiivalont to each other, and are so mutually dependent, 
that one. cannot appear, or even exist, witliout the other, the proof 
of the truth of such conditions would lead to many consequences of 
the liighest importance to the philosophy of force generally. A few 
brief experiments with tlie electric power quickly place the dual 
eases before the contemplative mind. "J'hus, if a metallic vessel, as 
an icc-j)ail, be insulated and connected with a delicate gf>ld leaf 
electrometer, or other like instrument, and then an insulated 
metallic globe, half the diameter of the ice-pail, be charged with 
positive electricity and placed in the middle of the pail, the latter 
being for the moment uninsulated by a touch outside, and then 
left insulated again, the whole system will show no signs of electri- 
city externally, nor will the electrometer be affected : but a carrier 
applied to the ball within the vessel will bring away from it positive 
electricity, showing its particular state of charge ; or being applied 
to the lower inside surface of the vessel will bring away negathe 
electricity, proving that it has the contrary state; or the duality 
may be proved by withdrawing the ball, when the vessel will show 
itself negative by the electrometer, and the ball will be found 
positive. That these dualities are equal, is further sliown by replac - 
ing the ball within the vessel, observing the electrometer, bringing 
the ball and vessel in contact, and again observing the electroni(*ter, 
which will remain unchanged ; and finally withdrawing the ball, 
which comes away perfectly discharged, and leaves tlie % esj»ol exter- 
nally in its unchanged and previous state. vSo the electric dualities 
are ei^ual, equivalent, and mutually sustained, lo show that one 
cannot exist alone, insulate the metallic vessel, charge it strongly by 
contact with the machine or a Leyden jar, and then dip the insulated 
ball into it ; and after toucliing tlie bottom of the veswel with the 
ball, remove it, without touchiutj the sides : it will be found 
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absolutely free from charge, whatever its previous state may have 
been ; for none but a sin^e state can exist at the bottom of such a 
metallic vessel ; and a single state, Le, an unrelated duality, cannot 
exist alone. 

The correspondent dualities, t.e. the northness and the southness, 
of the magnetic force are well known. For the purpose of insulat- 
ing, if possible, one of these, and separating it in any degree from 
the other, numerous experiments have been made. Thus six equal 
electro-magnets, formed of square bars, were put together in the 
direction of three lines perpendicular to each other, so that their 
inner ends, being all alike in polarity, might inclose a cubical space 
and produce an experimental chamber. When excited, these 
magnets were very powerful in the outer direction, as was found by 
nails, filings, spirals, and needles ; but within the chamber, walled 
in on every side by intense north poles, there was no power of any 
kind : filings were not arranged ; small needles not affected, except 
as they by their own inducing powers caused arrangement of the 
force within ; revolving wire helices produced no currents : the 
chamber was a place of no magnetic action. Ordinary magnetic 
poles of like nature produced corresponding results. A single pole 
presented its usual character, attracting iron, repelling bismuth ; a 
like pole, at right angles to it, formed a re-entering angle, and there 
a weak place of magnetic action was caused ; iron was attracted from 
it to the prominent corners ; bismuth movetl up into it ; and a tliird like 
pole on the opposite side made the place of weak force still weaker 
and larger ; another pole or two made it very weak ; six poles 
brought it to the condition above described. Even four poles, put 
with their longer edges together, produced a lengthened (JTamber 
with two entrances ; and a little needle being carried in at either 
entrance passed rapidly through spaces of weaker and weaker force, 
and fouiid a part in the middle where magnetic action was not 
sensible. ' 

Other very interesting results were obtained by making chambers 
in the polar extremities of electro-magnets. A cylinder magnet, 
whose core was 1 *5 inches in diameter, had a concentric cylindrical 
chamber formed in the end, 0*7 in diameter, and 1*3 inches 
deep. When iron filings were brought near this excited pole, they 
clung around the outside, but none entered the cavity, except a very 
few near the outer edge. When they were purposely ])laced inside 
on a card they were quite indifferent to the excited pole, except that 
those near the mouth of the chamber moved out and were attracted 
to the outer edges. A piece of soft iron at the end of a copper 
wire was strongly attracted by the outer parts of the j)ole, put 
unaffected within. ^When the chamber was filled with iron filifigs 
and inverted, the magnet being excited, all those from the bot^m 
and interior of the chamber fell out ; many, however, being caught 
up by the outer parts of the pole. If pieces of iron, successively 
increasing from the size of a filing to a nail, a spike, and so on to a 



LIBRARY OF SCIENCE 


H5 

long ba», were brouglit into contact with the same ])oint at the 
bottom of the inverted chamber, though the filing could not be 
held by attraction, nor the smaller pieces of iron, yet as soon as 
those were employed which reached to the level of tlie chamber 
mouth, or beyond it, attraction manifested itself ; and with the 
larger pieces it rose so high tliat a bar of some pounds weight could 
be held against the very spot that was not sufficient to retain an iron 
filing. 

These and many other results prove experimentally, that the 
magnetic iliialities cannot ai>])ear alone ; and that when they are 
developed they are in equal proportions and essentially connected. 
For if not essentially connected, how could a magnet exist alone ? 
Its power, evident wdien other magnets, or iron, or bismuth is near 
it, must, upon their removal, then toke up some other form, or exist 
without action : the first has never been shown or even suspected ; 
the second is an impossibility, being inconsistent with the conserva- 
lioii of force. But if the dualities of a single magnet are thrown 
upon each other, and so become mutually related, is that in right 
lines through the magnet, or in curved lines through the space 
around ‘That it is not in right lines through the magnet (it being 
a straight bar or sphere) is shown by this, that the proper means as 
a helix round the magnet, shows that the infernal disposition of the 
forc(* (coercitivc or other) is not affected when the magnet is exert- 
ing its power on other magnets, or when left to itself (Exptrimental 
Researches, 3119, 3121, 3215, &c.) ; and like means show that 
the external disposition of the force is so affected : so that the 
force ill right lines through the magnet does not change under the 
circumstances, whilst the force in external (and necessarily) curved 
lines docs. 

The iJolarity of bismuth or phosphorus in the magnetic field is 
one point amongst many others essentially dependent upon, and 
highly illustrative of the nature of, the magnetic force. Tlie as- 
sumption that they have a polarity the reverse of that of para- 
magnetic bodies involves the consequence, that northness does not 
always rej.)el northness or attract southness ; or else leads to the 
assumption that there are two iiorthiiesses and twro southiiesses, 
and that these sometimes associate in pairs one way, and at other 
times in the contrary way. But leaving the assumptions and 
reverting to experiment, it was hoped that a forcible imitation of 
the imagined state of bismuth in the magnetic field, might illustrate 
its real state, and, for this purpose, recourse was had to the indica- 
tions given by a moving conductor. Four spheres of copper, iron, 
bismuth, and hard steel have been prepared, and rotated upon an 
axis coincident with the magnetic axis of a powerful horse-shoe 
magnet ; each sphere has a ring of copper fixed on it as an equator, 
and the ends of a galvanoineler wire were brought into contact 
with the axis and the equator of the revolving globe. Under these 
circumstances, the electric current produced in the moving globe 
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was conveyed to the galvanometer, and became the indicator of the 
magnetic polarity of the spheres ; the direction of rotation, and the 
poles of the magnet, being in all cases the same. When the copper 
sphere, as a standard, was revolved, deflection at the galvanometer 
occurred in a certain direction. When the iron sphere replaced 
the copper and was revolved, the deflection at the galvanometer 
was the same. When the bismuth sphere was employed, the de- 
flection was still the same : — and it still remained the same when 
the steel sphere was rotated in the magnetic field. Hence, by this 
effect, which I believe to be a truthful and unvarying indication of 
polarity, tlie state of all the spheres was the same, and therefore 
the polarity of the magnetic force in the iron, copper, and bismuth, 
in e\ery case alike. {Exp. Res. 3164, &c.) The steel sphere 
was then magnetized in the direction of its axis, and was found to 
be so hard as to retain its own magnetic state when in a reverse 
direction between the poles of the dominant magnet, for upon its 
removal its magnetism remained unchanged. Experiments were 
then made in a selected position, where the dominant magnetic 
force was not too strong — (a magnet able to lift 430 lbs. was used) 
— and it was found that when the steel magnet was placed in ac- 
cordance, i.e. with its north pole opposite the south pole of the 
dominant magnet, the deflection was in the same direction as with 
the bismuth sphere ; but when it wa^ (‘hanged so as to be in 
the magnetic condition assigned by some to bismuth {i.e. witli 
reversed pfdarities), it then diflered from bismuth, produ(‘ing the 
contrary (leflection. [For a further account of these considerations 
and in\ estigations, a }>aper may be referred to, which will aj)^ear in 
the February number of the Fhilosophical Magazine.] 

It is, probably, of great imiiortaiice that our thoughts should be 
atirrtKi up at this time to'a reconsideration of the general nature of 
physical fgree, and especially to those forms of it which are con- 
cerned in actions at a distance. These are, ])y the dual powers, 
connected very intimately with those which (iccur at insensible 
distances ; and it is to be expected that the progress which physi- 
cal science has made in latter times will enable us to ap- 
proach this deep and diflicult subj(3Ct with far more advantage? than 
any possessed by philosophers at former jjcriods. At present we 
are accustomed to admit action at sensible distances, as of one 
magnet u^Km another, or of tlm sun 14)011 the earth, as if such 
admission were itself a perfect answer to any empiiry into the 
nature of the physical means which cause distant bodies to affect 
each other; and the man who hesitates to admit the suflicieiuiy of 
the answer, or of the assumption on which it rests, and asks for 
a more satisfactory account, runs some risk of apjiearing ridiculous 
or ignorant before the world of science. Yet Newton, who did 
more than any other man in demonstrating the law of action of 
distant bodies, including amongst such the sun and Saturn, whijch 
are 900 millions of miles apart, did not leave the subject without 
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recording his well-considered judgment, that the mere attraction of 
distant portions of matter was not a sufficient or satisfactory thought 
for a philosopher. "Fhat gravity should be innate, inherent, and 
essential to matter, so that one body may act upon another at a 
distance through a vacuum, without the mediation of anything else, 
by and through which their action and force may be conveyed from 
one to anotlier, is, he says, to him a great absurdity^ Gravity must 
be caused by an agent, acting constantly according to certain laws ; 
but whether this agent be material or immaterial he leaves to 
the consideration of his readers. This is the onward looking 
thought of one, who by his knowledge and like quality of mind, 
saw in the diamond an unctuous substance coagulated, when as yet 
it was known but as a transparent stone, and foretold the presence 
of a combustible substance in water a century before water was 
decomposed or hydrogen discovered : and I cannot help believing 
that the time is near at hand, when his thought regarding gravity 
will produce fruit : — and, with that impression, I shall venture a 
few considerations upon what appears to me the insufficiency of the 
usually accepte<l notions of gravity, and of those forces generally, 
which a\e supposed to act at a distance, having respect to the 
modern and philosophic view of the conservation and indestructi- 
bility of force. 

The notion of the gravitating force is, with those who admit 
Newton’s law, but go with him no further, that matter attracts 
matter with a strength which is inversely as the s(juare of the 
distance. Consider, then, a mass of matter (or a particle), for 
wliich present purpose the sun will serve, and consider a globe like 
one of the planets, as o«ir earth, either created or taken from distant 
space and placed near the sun as our earth is; — the attraction of 
gravity is then exerted, and we say that the sun attracts the earth, 
and, also, that the earth attracts the sun. But if the sun attracts 
the earth, that force of attraction must either arise becau.sfi of the 
presence of the earth near the sun ; or it must have pre-existed 
in the sun when the earth was not there. If we consider the first 
case, I think it will be exceedingly difficult to concei^e that the 
sudden presence of an earth, 95 millions of miles from the sun, and 
having no previous physical connexion with it, nor any physical 
connexion caused by tlie mere circumstance of juxtaposition, should 
be able to raise u]) in the sun a power having no previous existence. 
As respects gravity, the earth must be considered as inert, pre- 
viously, as the sun ; and can have no more inducing or affecting 
power over the sun than the sun over it : both are assumed to be 
without power in the beginning of the Ciise ; — how then can that 
power arise by their mere approximation or co-existence ? That a 
body without force should raise up force in a body at a distance 
from it, is too hard to imagine; but it is harder still, if that can 
be possible, to accept the idea when we consider that it includes the 
creation of force. Force may be opposed by force, may be diverted. 
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directed partially or exclusively, may even be converted, as far as 
we understand the matter, disappearing in one form to reappear in 
another ; but it cannot be created or annihilated, or truly suspend- 
ed, i.e. rendered existent without action or without its equivalent 
action. The conservation of power is now a thought deeply im- 
pressed upon the minds of philosophic men ; and 1 think that, as 
a body, they admit that the creation or annihilation of force is 
equally impossible with the creation or annihilation of matter. But 
if we conceive the sun existing alone in space, exerting no force of 
gravitation exterior to it ; and then conceive another sphere in 
space having like conditions, and that the two are brought towards 
each other ; if we assume, that by their mutual presence each 
causes the other to act, — this is to assume not merely a creation 
of power but a double creation^ for both are supposed to rise from 
a previously inert to a powerful state. On their dissociation they, 
by the assumption, pass into the powerless slate again, and this 
would be equivalent to the annihilation of force. It will be easily 
understood, that the case of the sun or the earth, or of any one of 
two or more acting bodies, is reciprocal ; — and also that the varia- 
tion of attraction, with any degree of approach or separation of the 
bodies, involves the same result of creation or annihilation of 
power as the creation or annihilation (which latter is only the total 
removal) of either of the acting bodies would do. 

Such, I tliink, must be tlie character of the conclusion, if it be 
supposed that the attraction of the sun upon the earth arises because 
of the presence of the earth, and the attraction of the eartli upon the 
sun, because of the })resence of the sun : tliere remains the case of 
the power, or the efficient source of the power, liaving preexisted 
in the sun (or the earth) before the earth (or the sun) was in 
presence. In the latter view it appears to me that, consistently 
with the conservation of force, one of three sub-cases must occur : 
either the gravitating force of the sun, when directed upon tlie 
earth, must be removed in an equivalent degree from some other 
bodies, and when taken off from the earth (by the disappearance 
of the latter) be disposed of on some other bodies ; — or cNe it 
must take up some new form of power when it ceases to be gravi- 
tation, and conyume some other form of power when it is 
developed as gravitation; — or else it must be always existing 
around the sun through infinite space. The first sub-case is not 
imagined by the usual hypothesis of gravitation, and will hardly 
be supposed probable : for, if it were true, it is scarcely possible 
that the effects should not liavebeen observed by {istronomers, wlien 
considering the motions of the planets in different positions with 
respect to each oth^jr and the suii. JMoreover, gravitation is not 
assumed to be a dual power, and in them only as yet have sUch 
removals been observed by experiment or conceived by the mind. 
The second sub-case, or tliat of a new or another form of power, is 
also one which has never been imagined by others, in association with 
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the theory of gravity. 1 made some endeavours, experimentally, to 
connect gravity with electricity, having this very object in view 
{Phil. Trans, 1 80!, p. 1) ; but the results were entirely negative. 
The view, if held for a moment, would irn})ly that not merely the 
sun, but all matter, whatever its state, would have extra powers set 
up in it, if removed in any degree from gravitation ; that the 
j)articles of a comet at its perihelion would have changed in 
character, by the conversion of some portion of their molecular 
force into the increased amount of gravitating force which they 
would then exert ; and that at its aphelion, this extra gravitating 
force would have been converted back into some other kind of 
molecular force, having either the former or a new' character : the 
conversion either way being to a perfectly equivalent degree. One 
could not even conceive of the diftusion of a cloud of dust, or its 
eoiKjentration into a stone, without supposing something of the same 
kind to occur ; and I suppose that nobody will accept the idea as 
possible. I'he third sub-case remains, namely, that the power is 
always existing around tlie sun and through infinite space, whether 
s(icoudary bodies be there to be acted upon by gravitation or not : 
and not, on!-, around the sun, but around every particle of matter 
which has existence. This case of a constant necessary condition 
to action in space, when as respects the sun the earth is not in 
place, and of a certain gravitating action as the result of that pre- 
vious condition when the earth is in place, I can conceive, con- 
sistently, as I think, with the conservation of force : and I think 

the case is that which Newton looked at in gravity ; is, in 

philosophical respects, the same as that admitted by all in regard to 
light, heat, and radiant phenomena ; and (in a sense even more 

general and extensive) is that now driven upon our attention in an 

esf)eciHlly forcible and instructive manner, by the phenomena of 
electricity and magnetism, because of their dependence on dual 
forms of power. 

[jr. F.] 



Friday, January 26. 


William Robert Grove, Esq. M.A. Q.C. F.R.S. 

Vice-President, in the Chair. 

Professor Tyndall, F.R.S. 

On the Nature of the Force by which Bodies are Repelled from 
the Poles of a Magnet. 

The Lecturer commenced, by showing that bodies are repelled by 
the poles of a magnet, in virtue of a state of excitement into which 
they are thrown by the latter. The repulsion of bismuth, and the 
attraction of soft iron, followed precisely the same laws when the 
strength of the influencing magnet was augmented, the respective 
forces being proportional, not simply to the strength, but within 
wide limits, to the square of the strength of the magnet. The 
result is explained in the case of iron by the fact of its being con- 
verted, while under magnetic influence, into a true temporary 
magnet, whose power varies with that of the influencing one ,* and 
in the case of bismuth, the result can only be explained by the fact 
that the dia-raagnetic mass is converted into a true dia-magnet. 

It was next shown that the condition of excitement evoked by 
a magnetic pole was not the same as that evoked by another pole 
of an opposite quality. If the repulsion were independent of the 
quality of the pole, then two poles of unlike names ought to repel 
the bismuth, when brought to act upon it simultaneously. This 
is not the case. Two poles of the same name produce repul- 
sion ; but when they are of equal powers and opiK>site names, the 
condition excited by one of them is neutralized by the other, and 
no repulsion follows. 

Bars of magnetic and dia-magnetic bodies were next submitted 
to all the forces capable of acting ii|)on them magnetically ; first, to 
the magnet alone ; secondly, to the electric current alone ; and, 
thirdly, to the magnet and current combined. Attention to struc- 
ture was here found very necessary, and the neglect of it ap])ears to 
have introduced much error into this portion of science. Powdered 
bismuth, without the admixture of any foreign ingredient, was 
placed in a strong metallic mould, and submitted to the action of a 
hydraulic press ; perfectly compact metallic masses were thus pro- 
curetl, which, sus][^nded in the magnetic field with the line of Com- 
pression horizontal, behaved exactly like magnetic liodies, setting 
their longest dimensions from pole to pole. This identity of 
deportment M'ith an ordinary magnetic substance was also exhibited 
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in the case of the electric current, and of the current and the 
magnet combined. In like manner, by the compression of a mag- 
netic powder magnetic bars were produced, which, between the two 
poles of a magnet, set exactly like ordinary dia-magnetic ones ; this 
identity of deportment is preserved when the bars are submitted to 
the action of the current, and of the current and magnet combined. 
Calling those bars which show the ordinary magnetic and dia- 
magnetic action normal hars^ and calling the compressed bars 
abnormal onrs^ the law follows, that an abnormal bar of one class 
of bodies exhibits precisely the same deportment, in all cases, as the 
normal bar of the other class ; but when we compare normal bars 
of both classes together, or abnormal bars of both classes, then 
the antithesis of action is perfect. The experiments prove that, 
if that which Gauss calls the ideal distribution of magnetism in 
magnetic bars be inverted, we have a distribution which will pro- 
duce all the phenomena of dia-magnetic ones. 

The important question of dia-magnetic polarity was submitted to 
further and stricter examination. A flat helix, whose length was 
an inch, internal diameter an inch, and external diameter seven 
inches, was’ attached firmly to a table, with its coils vertical. A 
suspension was arranged by means of which a bar of bismuth, five 
inches long, and 0*4 of an inch in diameter, was permitted to 
swing freely, wliile surrounded by the helix. With this arrange- 
ment, the following experiments were, or might be made: — 1. A 
voltaic current from twenty of Grove’s 
cells was sent through the helix /i, the 
direction of the current in the tipper half 
of the helix being that denoted by the arrow 
(Fig. 1). The north pole of a magnet being 
placed at N, the end a of the suspended 
bar of bismuth, a b, was attracted towards 
the pole N. 2. The south pole of a second 
magnet being placed at 8, and the cur- 
rent being sent through the helix in tlie 
same direction as before, the bar left its 
central j)osition and approached N with greater force tlian in the 
former experiment. The reason was deemed manifest : the state of 
excitement wliich causes a to be attracted by N causes it to be 
repelled by S ; both poles, therefore, act in unison, and a deflection 
of greater energy is produced. 3. The pole S being removed to the 
position S', the deflection was also found to be about twice as forcible 
as when the single pole N was employed. Here also the reason is 
plain : the two ends, a and of the bismuth bar, are in diflerent 
states of excitement ; the end a is attracted by a north pole, the 
end b is attracted by a south pole : both poles act therefore as a 
mechanical couple upon the bar, and produce the deflection 
observed. 4. The pole S' was replaced by a north pole of the 
same strength, thus bringing two poles of Uie same name to bear 


Fig 1. 
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upon the two ends of the bar : there was no deflection by this 
arrangement ; it is manifest that N's attraction for the end a was 
nullifled by the repulsion of the end 6 by a like pole ; the experi- 
ment thus furnishes an additional proof of the polar condition of a h, 
5. We have supposed the pole S to be removed into the position 
S' ; but permitting the pole S to remain, and introducing another 
pole (a south one) at S', a greater action than that produced with 
two magnets was obtained. 6. Finally, adding another north pole at 
N', and allowing four magnets to operate u^>on the bismuth bar 
simultaneously, a maximum action was obtained, and the bar was 
attracted and repelled with the greatest promptness and decision. 
In all these cases where an iron bar teas substituted for the bismuth 
bar, a 6, a deflection precisely the opposite to that exhibited by 
a b wcLS produced. A branch of the current by which the bar of 
bismutJi was surrounded could be suffered to circulate round a bar 
of iron, suspended freely in an adjacent helix ; when the forces 
acting upon the iron were the same as those acting upon the bismuth, 
the bars were always deflected in opposite directions. 

The question of dia-magnetic ptflarity was next submitted to a 
test which brought it under the dominion of the principles of me- 
chanics. A mass of iron was chosen for the moveable magnetic 
pole, of such a shape that the diminution of the force emanating 
from the pole, as the distance was augmented, was very slow ; or in 
other words, the field of force was very uniform. Let the space in 
front of the pole P, (Fig. 2 ) be such 
a field. A normal bar of bismuth, 
a b, was attached to the end of a lever 
trans\'erse to the length of the latter, 
and counterpoised by a weight at the 
other extremity : the system was then 
suspended from its centre of gravity 
g, so that the beam and bar swung 
horizontally. Supposing the bar to oc- 
cupy the position shown in the figure, 
then if the force acting upon it be purely repulsive^ihht is to say, 
if the dia-magnetic force be unpolar — it is evident that the tendency 
of the force acting upon every particle of the mass of bismuth 
tends to turn the lever round its axis of suspension, in the direction 
of the curved arrow. On exciting tlio magnetism of P, however, 
a precisely contrary motion is observed — the lever approaches the 
pole. This result, w'hich, as far as the lecturer could see, was 
perfectly inexplicable on the assumption that the dia-magi^tic 
force w'as purely repulsive, is explained in a simple and beautiful 
manner on the hypothesis of dia-magnetic polarity. According 
to this, the end b of the bar of bismuth is repelled by P, hnd 
the end a is attracted : but the force acting upon a is a])[died 
at a greater distance from the axis of suspension than that 
acting iii>on 6 ; and as it has been arranged that the absolute in- 


Fig. 2. 
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tensities of the forces acting upon the two ends differ very 
slightly from each other, the mechanical 
advantage possessed by a gives to it the N 

greatest moment of rotation, and the bar is 
attracted instead of repelled. Let a mag- 
netic needle n s (Fig. 3,) be attached like 
the bar a h (Fig. 2) to a lever, and submit- 
ted to the earth’s magnetism. Let the 
north pole of the earth be towards N ; the 
action of the pole upon ii is attractive, 
uj)on repulsive, the absolute intensities of 
these forces are the same, inasmuch as the 
length of the needle is a vanishing quantity 
in comparison with its distance from the 
pole N : hence the mechanical advantage 
possessed by the force acting upon a-, on ac- 
count of its greater distance from the axis 
of rotation, causes the lever to recede from 
N, and we obtain a result perfectly analogous to that obtained with 
the bar/>f l?;::muih (Fig. 2).* 


n 



Fig. 3. 


[J. T.] 


♦ A paper suhmitted to the Royal Society last November, and a portion c'f 
which fonned the subject of the Ikikerian Lectui for the present year, con- 
tains a more comprehensive discussion of this subject. In it are explanations, 
which it is hoped will be deemed satisfactor\‘, of the difficulties adduced by 
M. Matteucci, in his instructive Co\m Special, recently published. 


Friday, March 16, 1855. 


Sir Henry Holland, Bart. F.R.S. Vice-President, 
in the Chair. 

Dr. AVm. Odling, F.C.S. 

On the Constitution of the Hydro-carbons, 

Every chemical compound may be regarded in a great number of 
different aspects Each of the different theories that have been 
propounded concerning the chemical constitution of bodies, is true 
in reference to one particular aspect, — untrue in reference to all 
others. Theories are of the highest service when they enable us 
to look upon a larger number of bodies from a single point of 
view, — of the highest detriment, when they prevent us from making 
use of all other points of view. To regard a body, or a class of 
bodies, exclusively in one aspect, or, in other words, to view all 
compounds by the light of a single theory, is necessarily to neglect 
a whole host of phenomena and relations. He has the most com- 
plete knowledge of a compound, who is capable of chdtlging his 
position, and looking at the body from every possible point of view. 

The theory of compound radicals is of the utmost service in 
enabling us to look upon a large class of bodies in one single aspect, 
in affording us one of the best means of arrangement, comparison, 
and explanation : but it has no pretensions whatever to represent the 
entire and absolute trutli with regard to the constitution of bodies ; 
it simply exhibits them from one of many excellent points of view ; 
it has reference less to the actual constitution of the bodies, than to 
our particular mode of regarding them. 

In proportion to the complexity of the constitution of a body, so 
is the number of aspects in which it may be regarded, so is the 
number of rational theories that may be entertained concerning it. 
All of these theories belong to the same order of truth : they differ 
from one another only in their greater or less degree of generality. 
The theory of the greatest generality most nearly approximates to 
the representation of bodies, especially typical bodies, by empfrical 
formulae, as unitary molecules. 

Adopting the proportional numbers of Gerhardt, we represent 
the two-volume molecules of muriatic acid, water, ammonia, and 
coal-gas, by CIH, OH*, NH*, CH^ respectively. In accordance 
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with certain theoretical notions, these bodies have been formulated 
as follows : — 


n-ci 

HOH 

IP-0 


(fMurent,) 

HNH* 

IP-NH 

IPN 

{Kane ) 

{Wurtz.) 


HCIP 

IP-CIP 

IP-CII 

{Liebig.) 

{Dumas.) 

( odLng.) 


Coal-gas may be represented as terhydride of formyl, analogous 
to its derivative chloroform, or terchloride of formyl. The two 
bodies can be prepared in virtue of analogous equations from acetic 
and chlor-acctic acids respectively, and the one can be obtained 
from the other by direct substitution. 

Each of the above theories has certain circumstances in its 
favour ; each is true to a certain extent ; each represents the body 
in question from a different point of view ; sometimes one point of 
view is most advantageous, sometimes another. As a veritable 
represciiUfiuu of the constitution of coal-gas, Dumas* view is pre- 
ferable to either of the other two theoretical views. 

The adoption of Laurent’s sarcastic suggestion of peroxide of 
hydrogen as a compound radical, leads to inadmissible or uncertain 
results ; tlius, is potash oxide of zinc K Z O a combination of a 
hypothetical peroxide of potassium with zinc, or of a hypothetical 
peroxide of zinc with potassium ? Is Williamson’s double ether, 
Me Etc), a combination of peroxide of methyl with ethyl, or of 
peroxide of ethyl with methyl? &c. 

Nevertheless, there are greater grounds for recognising peroxide 
of hydrogen as a compound radical, than there are for recognising 
ethyl and methyl as such. A large number of bodies may be 
represented very feasibly as containing ethyl ; but an infinitely 
larger and more varied set of bodies may be represented as con- 
taining peroxide of hydrogen : such, for instance, are water, potash, 
8ulj)huric acid, formic acid, benzoic acid, hypochlorous acid, &c. &c. 
and, as has been shown by Mr. Brodie, very many other more com- 
plicated bodies. Many equations may be represented very simply 
by means of ethyl analogous to hydrogen ; but a much greater 
number may be represented by means of peroxide of hydrogen 
analogous to chlorine. Ethyl has been obtained in the free state, 
80 has peroxide of hydrogen ; but whereas nearly all the bodies of 
the peroxide of hydrogen series can be obtained directly from i7, not 
one single ethylic combination has ever yet been obtained from 
ethyl. Hydrogen and ethyl present certain analogies, but the 
analogies of chlorine and peroxide of hylrogen are much more 
complete. Both bodies bleach, oxidise, combine directly with 
potassium, set free bromine and iodine, and take the place of the 
bromine and iodine set free. In Ba'OH and in Ba Cl the Ba 
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can be readily detected ; but with regard to H Cl and EtCl, the 
Cl can be detected in the former only. 

All the facts connected with the mutual relations of 

C* H* — ethylene, or ohfiant gas 

C* O -aldehyd 
C* IP O* — acetic acid 
C* II® — hydro-ethylene 

C* H® Cl — muriatic ether 
C* H® O —alcohol, 

especially since the recent researches of Berthelot, show the superi- 
ority of Dumas’ ethylene to Liebig’s ethyl theory, both as regards 
its more complete accordance with experiment, and its greater 
generality. The probabilities in favour of the pre-existence of C* IP 
and its derivatives, as constituent groups, are much greater than are 
those in favour of the pre-existence of C® IP. Thus, with regard to 
ethylene, hydro-ethylene, muriatic ether, and their chlorine deriva- 
tives, we ought to have the following series, convertible into one 
another through certain members : — 

C*IP -IP 
C*IP -HCl C* IP Cl -IP 
C* C‘ IV • Cl* C* H® Cl • II Cl C* IP CP • IP 

C* IP Cl C* IP Cl • Cl* C* IP Cl* - H Cl C* II CP • IP 

C*IPC1* C* IP Cl* Cl* C*KCP-IIC1 C* CP- IP 

C*H CP C*IICT C1* C* CP II Cl 

C* CP C* CP Cl* 

Of these four series, three are undoubtedly, and the fourth most 
probably, known to us.^ They illustrate rationally the nature of the 
isomerism. In the tliree latter series, we have every reason to 
believe, that, with regard to the carbon, two of the hydrogen or 
chlorine atoms stand in a different relation to the other four ; but 
in the first series, we have not a single fact tending to show, that one 
of the hydrogen atoms stands in a different relation to the other 
three ; not one fact to countenance the representation of olefiant-gas 
by C* IP -II, hydruret of acetyl. 

In the next best known hydro-carbon, namely, benzine, there is 
no more reason for believing in the existence of the monobasic 
radical phenyl C® H®, than there is for believing in the bibasic 
and tribasic radicals C® IP and C® IP, respectively, as seen in the 
following table (X = NO* Ad = NIP) 

C® IP - H C® IP • H» C® II® • IP 

C® H® • Cl C® H* • Ad* C® IP - CP 

C® H® • Br C® IP • X* C® H® • Br® 

C® IP - Ad C® - X Ad C® H® • Ad* X 

C® H® • X C® H® • Cl Ad C® H® - X* Ad 

C® H® • Br Ad, &c. C® H* • X* Cl, &c. 
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Lastly, Williamson’s othyl theory, although it possesses a great 
degree of gene;rality, and is supported by most complete analogies 
both in mineral and in organic chemistry, is only one of many ways 
of indicating the mutual relations of bodies. It must not be taken 
as the sole veritable representation of the constitution of the com- 
pounds to which it ay)plies. There are no greater proofs of the 
pre-existence of othyl in acetic acid, than there are of the pre- 
existence of peroxide of hydrogen in water. 

For example, the correlations of benzamide, benzonitryl, hydro- 
benzamide, and dibenzoylimide, are entirely neglected in the othyl 
theory. These bodies belong to one single class ; they all contain 
certain benzoic elements, and certain ammoniacal elements ; by the 
absorption of water they yield ammonia, and benzoic acid or alde- 
hyd. But the othyl theory bears no reference to this point of view ; 
it separates benzamide widely from its congeners. Thus we are 
told that the first body contains the compound radicals benzoyl 
(analogous to othyl) and amidogen ; the second, the compound 
radicals phenyl and cyanogen ; the third, nitrogen and the com- 
pound radical benzyl (analogous to acetyl), whilst, with regard to 
the fourti\ as to many other bodies, the compound radical theory 
fails altogether. 

In the three best known hydro-carbons, coal-gas, olefiant-gas, and 
benzine, as in many other bodies ordinarily represented as contain- 
ing compound radicals, the conception of self-existent constituent 
compound radicals, is not only unnecessary but irrational. The 
particular groupings of atoms, which we denominate compound 
radicals, do not have an existence apart from the other constituents 
of the bodies, into which they are said to enter. 

[W. ().] 



Friday, March 23. 


Henry Bence Jones, M.D. F.R.S. 
in the Chair. 

Rev. John Eyre Ashby, 

On (so-called) Catalytic action and Combustion; and 
theories of Catalysis. 


The study of Catalysis is a study of forces. It comprehends the 
conditions under which force is exerted in a peculiar manner in 
chemical decompositions and combinations, and of the nature of the 
force only as compared with forces at work in chemical changes, 
which are commonly thought to be better understood. I’Jie precise 
meaning of the word should not be derived from its etymological 
constitution, nor even solely from its original application, but 
rather from the general consent of eminent chemists as cxlnbited in 
their published writings. The term has been employed very 
loosely, and some of the definitions given do not allow of reduction 
to a common statement. Adopting the principle laid down, 
catalysis may be defined as the action by contact of one substance 
upon another substance, or group of substances, whereby chttmical 
changes are effected, wliile the first substance remains finally un- 
changed. J his will exclude from catalysis the following cases : — 

1. The operating body does change, although it does not com- 
bine. 

Examples, — P'ermentation, as explairjed hy Liebig. Solution of 
an alloy of platinum and silver in nitric acid ; also of the alloy of 
copper, zinc, and nickel, in dilute siilpJiuric acid. 

2. The operating body ab.sorbs A from a combination (A B), 
and B cannot exist free. 

Example, — Cr)'stallized oxalic acid is a combination of anhydrous 
oxalic acid and water ; if cast into strong sulphuric acid, the water 
is absorbed, and (so far as we know at present) taken into chemical 
union with the sulphuric acid ; but the anhydrous oxalic add 
cannot exist free, and is resolved into equal volumes of carbonic 
acid and carbonic oxide, whicli e.scape accordingly. 

3. The operating body takes from a substance some of its 
elements, and combines with them after they have combined with 
each other. 

Example. — Sulphuric acid, in contact witli sugar, takes the 
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elements of water from tlie carbon, and combines with them by 
hydration. 

4. The operating body causes mutual changes in substances 
A and B, whereby tliey become other substances, say 0 and D, and 
the operating body combines with D. 

Hydrocyanic acid and water + hydrochloric acid 
(the operating body) gives formic acid and ammonia, of which the 
ammonia combines with the hydrochloric acid. 

is 11 + 311 0 becomes N li^ + C-jj II O3 

and we have N H4 Cl -f Call O3. 

Cases of chemical change by friction and percussion are excluded, 
because contact is mechanically statical, whereas these are dynamical 
in respect of the masses. A lucifer match is an example. Sir 
James Kane, however, supposes the decomposition of iodide of 
nitrogen by slight percussion to be catalytic ; his definition is 
made wide enough to take it in. 

The rh.fi»)ition given by tlie speaker us being, u})on tJie whole, 
in harmony with the prevailing ideas of catalysis, will be found to 
include the following cases : — 

1. CJalvanic action in relation to a finally unchanged platinode. 
In every battery-cell containing an apparently unchangeable plati- 
node, all the conditions of catalysis are perfectly fulfilled when the 
jdatinodo touches the /, incode without the intervention of any other 
metallic conductor ; and the truthfulness of the fulfilment is not 
altered by the additional fact that similar action will ensue when a 
metallic (or other) conductor is interposed. It is very doubtful 
whether the platinode really undergoes no changes, but it remains 
unchanged at last, 

2. X finally unchanged body produces in certain others no 
decomposition, but only combination. 

Example . — Platinum combines hydrogen and oxygen into water. 

3. A finally unchanged body produces decomposition, but no 
recombination. 

Example . — Decomposition of chlorate of potash by metallic 
oxides and heat. 

4. A finally unchanged body produces decomposition, and partial 
or total recomposition, of the elements of a body. 

Example . — Alcohol passed into sulphuric acid at 300® passes 
out as ether and water, the elements of water having been ab- 
stracted by the acid, which cannot retain them at that temperature. 
If we suppose that the acid removes water, as such, from the 
alcohol, this case is resolved into the foregoing. 

o. A finally unchanged body produces the decomposition of 
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another substanee, and causes some of its elements to enter into 
combination with a third bo<]y, also present. 

Examples , — Heated platinum decomposes alcohol vapour, with 
access of air. In illustration of this class of phenomena, the 
speaker exhibited the continuous combustion of the vapour of strong 
liquid ammonia by a flat spiral of platinum wire inch thick) 
evolving nitrous gas and water. 


jMr. Ashby then briefly adverted to the principal theories of 
Catalysis. 

1. Berzelius, who introduced the term into chemistry, considers 
that it represents a new force. 

2. Liebig dwells at great length upon cases in which the opera- 
ting body does not remain Anally unchanged. He supposes that if 
A and B are in contact, and changes happen among the particles of 
A, these may induce changes among the particles of B, by destroy- 
ing the statical condition, and forcing the particles into motion, 
whereupon they arrange themselves into new groups. This does not 
explain at all the cases included under the deAnition given in this dis- 
course. It is just possible that it may ultimately prove to be a truth 
in relation to those cases, but it does not, at present^ explain them. 

3. Playfair observes, “ There are many instances where catalytic 
decompositions ensue, where there is no intestine motion in the 
atoms of the exciting body. Hence we cannot do more than 
consider motion as favourable to the development of dormant 
affinities.*’ He should, perhaps, have said, ‘‘ Where there is no 
apparent intestine motion and there may be an undesirabte am- 
biguity in the phrase, favourable to the development of dormant 
affinities.” In his essay, on the subject, (a monument of learning 
and industry,) he concludes, that “ the catalytic body is a substance 
which acts- by adding its own affinity to that of another body, or 
by exerting an attraction sufficient to effect decomposition under 
certain circumstances, without being powerful enough to overcome 
new conditions, such as elasticity and cohesion, w^hich occasionally 
intervene, and alter the expected result.” (Thus, for instance, A 
and B have each separately an affinity for the element (e) of a 
third body E, but neither, separately, can tear it from its combina- 
tion with E : — the joint attraction of A and B mat/ be sufficient to 
release it ; but the released element will not therefore necessarily 
combine with A and B.) 

4. Faraday, and others, consider that many cases of catalysis are 
due to the powerful condensation of liquids, vapours, and gas«*s, 
upon the surface of the catalyzing body. This view is of gre|^t 
importance, but not (as yet) equal to the explanation of nearly $11 
the phenomena. Some of the arguments in favour of it may be 
found in a consideration of the probable mechanical condition of 
platinum, owing to the method of manufacture, the ascertained 
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absorptive power of certain catalyzing agents, and the probable 
condensation of water in sulphuric acid. 

5. De la Rive explains the particular case of the combination of 
hydrogen and oxygen on the surface of platinum, by supposing 
that the platinum is oxidated on its surface, and the oxide con- 
tinuously reduced by tlie hydrogen, water resulting. (See Gmelin’s 
Chemistry, published by the Cavendish Society, Vol.II. p. 56.) 

Mr. Ashby then described his own researches on catalytic com- 
bustion. If the sesq\iioxides of chromium, nickel, cobalt, manga- 
nese, and iron, be laid upon wire-gauze (about 60 meshes to the 
inch-linear,) then warmed in the flame of a spirit-lamp, and laid 
over capsules nearly full of alcohol, pyroxylic spirit, ether, or other 
similar substances, they will burst into glow and catalyze the vapours 
which rise into them, as long as the supply continues. Warm 
Cr^ Oa will inflame a jet of hydrogen in contact with air. The sesqui- 
oxide of iron is peculiarly available for operations on any scale, 
however large, and those specimens are to be preferred which have 
the least density. A catalytic lamp was exhibited, by which spirit 
or benzole rnav be consumed by the catalytic glow for laboratory 
purposes. Coal-gas mixed with air may also be employed under 
the gauze upon which the oxide is distributed. Euchrome (dug 
from the estate of I.ord Audley) is a cheap and useful catalyzing 
agent, when freed from its carbon.* A mixture of ten parts by 
weight of chlorate of potash, with one part of light and finely 
divided sesfpdoxide of iron, yields oxygen with entireness and 
facility, and has the additional advantage that (?i) grains of the 
inixinre ivinesent very nearly (//) cubic inches of evolved oxygen. 
If we tak(' Ihe case of the sesqiiiovide of iron, we are fible, to .so//ie 
ej’tcfit, to show the modus operandi of the catalytic action ; we can 
arrest llie process at the half-stage, and tlien at leisure complete the 
other half. l>y lieating Fe^O., to redness, and quenching it in 
boiling alcohol (air being excluded), or by passing the vapour of 
alcohol over heated sesquioxide, we obtain two results ; the alcohol 
is oxidated, and the F'c< Oj becomes by deoxidation. The 

same follow's by treating live sesquioxide w ith ammonia, gaseous or 
in strong solution. This black magnetic oxide (probably Foj O 4 
q- HO) remains unchanged by a red heat, if oxygen be not present ; 
but if wanned in contact wdth air, it absorbs o\\ gen at a temperature 
far below redness, and returns info the original (> 3 . It is clear, 
then, that during the catalysis, an intestine motion of the ])articles 
is going forw'ard, and every portion of the sesquioxide is constantly 
reduced by the alcohol and reoxida!e<l from the air. 'J'his was il- 
lustrated by a diagram and a cluster of coloured lialls. Attention was 


'*• Mr. Arthur Church lias observed that several of the chromates (eoi)i>er, 
manganese, cobalt, &c.) after ignition, will fivel} catahzc alcoholic and other 
vapours. 
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then drawn to a singular fact, which may probably be referable 
to the catalytic action of the sesquioxide of iron. If the ferro- 
cyanide of barium be heated until it ceases to give off ammonia, 
and then placetl over alcohol, ammonia is again evolved in small 
quantity ; but if the same experiment be tried with pure prussian 
blue, a large quantity of ammonia is formed by the contact with 
alcoholic vapour. Alitmiiia (Al^ Oa) prescuta a singular pheno- 
menon, hitherto unobser\ed ; a pure specimen, of snowy whiteness, 
on being heated to redness, and exposed to the vapour of alcohol, 
becomes dark-grey, or black, and the vapour is oxidated ; and this 
effect may be produced (with less ease) by ammonia. It seems 
tliiit the sesquioxide of alumina has become a lower oxide, as in 
the case of iron, but cannot recover oxygen from coni act with 
that gas. 


IMr. Ashby then exhibited a galvanic indicator,’* by wliicli he 
lioi>es to prove satisfactorily, whether or not a galvanic current is 
set in motion during catalytic combustion. In conclusion, he drew 
attention to several imints of interest connected with catalysis. 

1. The value of catalytic processes in various manufactures. 
Nitric oxide acts catalytically in the preparation of sulphuric acid 
of commerce ; spongy platinum has been employed for the same 
j)urpose ; and a patent has lately been granted for a similar use of 
the sesquioxide of iron. Spongy platinum is sometimes employed 
in Germany for the preparation of acetic acid from alcohol. 'I he 
manufacture of ether- from alcohol by sulphuric acid has already 
been noticed. 

2. Considering that catalytic combustion by the sesquioxide of 
iron is first set up at a temperature far below redness, — that even a 
rusted nail may be sufficiently active,— and that in many cases of 
fermentation inflammable vapours may be disengaged, and much 
beat evolved, — it is not unreasonable to suppose that in this way 
we may account for some instances of what is commonly called 

spontaneous combustion.” 

3. There is much reason to suppose that catalysis plays a great 
part in the organic chemistry of nature, in relation to vegetable 
and animal life. The experiments of Mr. Turnbull and Dr. vSten- 
house point to catalysis as a vast sanitary' agent. The dead bodies 
of various animals were covered with a layer of cliarcoal, which 
rather assisted decomposition than otherwise, serving as a currier to 
the oxygen of the atmosphere, and delivering the perfectly inqoxious 
and inodorous products of catalytic combustion into the air, while 
the charcoal itself remained entire and unconsuraed. If w e bear in 
mind (as established by Mulder and others) that humus Kas the 
same property, and that many oxides in the mould are catalytic in 
a greater or less degree, it becomes evident that interment under- 
ground may bring into play a catalytic process by which the 
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elements of an organic body are returned into the atmosphere in 
forms which are not prejudicial to existing life. 

4. Since some oxides exhibit a tendency to promote catalytic 
combustion, which are at present thought to be the only oxides of 
those bases, and in the case of one oxide (iron) the process has been 
shown to consist of alternate reduction to a lower oxide, and re- 
oxidation, — it is quite possible that further research may lead to the 
discovery of some new oxides. 

[J. E. A.] 
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Professor Faraday, D.C.L. F.P.S. 


On Electric Conduction, 


Since the time when the law of definite electrolytic action was first 
laid down {Exp, Ees. 783-966), it has become a question whether 
those bodies which form the class of electrolytes, conduct only 
whilst they are undergoing their proper change under the action of 
the electric current ; or whether they can conduct also as metals, 
dry wood, spermaceti, &c. do in different degrees, L e, without the 
accompa«iiment of any chemical change within them. The first 
kind of conduction is distinguished as ihe electrolytic ; the trans- 
ference of the electric force appearing to be essentiallj^^associated 
with the chemical changes which occur : the second kind may be 
called conduction proper ; and there the act of conduction leaves 
the body ultimately as it found it. Electrolytic conduction is 
closely associated with the liquid state, and with the compound 
nature and chemical proportions of tlu* bodies in which it occurs ; 
and it is considered as varying in degree (?. e, in facility) with the 
affinities of the constituents belonging to these bodies ; there are, 
however, other circumstances which evidently, and indeed very 
strongly affect the readiness of transfer, such as temperature, the 
presence of extraneous matters, &c. Conduction proj)er differs as 
to facility by degrees so far apart, that that quantity of electricity 
which could pass through a hundred miles of one substance, as 
copper, in an inappreciably small portion of time, would require 
ages to be transmitted through the like length of anothet sub- 
stance, as shell-lac ; and yet the copper with its similars offers 
resistance to conduction ; and the lac, and its congeners, coinfaict. 

The progress and necessities of science have rendered it important 
within the last three or four years, and especially at the present 
moment, that the question “ whether an electrolyte has any decree of 
conduction proper ” should be closely considered, and the ex])erunents 
which arc fitted to probe the questiini ha\ e been carried to a very 
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high degree of refinement. by employing the electric 

machine, and Wollaston terminals, e. platinum wires sealed into 
glass tubes, and having the ends only exposed, has decomposed water 
by a quantity of electricity so small that it required four hours to 
collect gas enough to fill a little cylinder only y*^th of an inch in 
diameter, and the ^th of an inch in length ; yet the decomposition 
was electrolytic and polar ; and therefore the conduction was 
electrolytic also. When one pole only was in the water, and the 
otiier in the air over it, still tlie decomposition, and therefore the 
conduction, was electrolytic ; for one element appeared at the pole 
in the water, and the other in the air or gas over the water at the 
corresponding pole. Buff concludes that electrolytes have no con- 
duction proper. Many other philosophers have supported, with 
more or less conviction, the same view, and believe that electrolytic 
conduction extends to, and includes cases, which formerly were 
supposed to depend upon conduction proper. Soret advances certain 
experimental results,! but reserves his opinion from being absolute. 
Von Breda and Logeman adoptthe more general view unreservedly. { 
l)e la Rive, I think, admits that a very little may perhaps pass by 
conducUoh electrolytic conduction is the function 

of electrolytes.§ Matteucci has at one time admitted a little con- 
duction proper, but at present, I believe, denies that any degree exists. 
On the other hand, Despretz,|| Leon Foucault, f Masson,** and 
myself, have always admitted the possibility that electrolytes possess 
a certain amount of conduction proper — small indeed, but not so 
small as to prevent its being evident in certain forms of experiments : 
and beautiful and close as the electrolytic proofs have been carried, 
they are not by us considered as sufficient to show that the function 
of conduction proper is altogether absent from electrolytes. 

(Some account was then given of the experiments and arguments 
on both sides ; and of the striking electrolytic fact, that if a current 
of electricity, however small, is sent through a circuit containing 
a couple of platina plates in dilute sulphuric acid, the pi ites are 
found thereby electrically polarized.) 

The enquiry as regards electrolytes takes on three forms. They 
may possess a degree of conduction proper at all times — or they 
may be absolutely destitute of conduction proper — or they may 
possess conduction proper up to a certain condition, governed either 
by requisite intensity for electrolyzation or by other circumstances, 
but which, when that condition is acquired, changes into electrolytic 
conduction ; and these three forms may be further varied by con- 
siderations dependent upon the physical state of the electrolyte, as 
whether it be solid or liquid, hot or cold, and whether it be pure or 
contain other substances mingled with it. 

* MS. letter. f Auuales de Cliimie, xlii. 257. J Phil. Mag. viii. 465. 

§ Bibl. de Geneve, xxvi. 134, 144 ; xxvii. 177. || Comptes Reudus, xxxviii. 897. 

^ Comptes K., xxxvii. 580 ; or Bibl. de GeuiJve, xxiv. 203 ; xxv. 180 ; xxvi. 126. 

Prize Essay, Haarlem Trans., xi. 78. 
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From the time when the question was raised by myself, twenty 
years ago, to the present day, I have found it necessary to suspend 
my conclusions ; for close as the facts have in certain cases been 
urged by those who believe they have always obtained decompo- 
sition results, when an electrolyte has performed the part of a 
conductor, and freely as I could have admitted the facts and the 
conclusions if there had been no opposing considerations, still, 
because there are such considerations, I am obliged to reserve ray 
judgment. In the first place all bodies not electrolytic, even up to 
gases (Becquerel,) are admitted to possess conduction proper ; a 
priori^ therefore, we have reason to expect that electrolytes will 
possess it also. If from amongst different bodies we retain for con- 
sideration the class of electrolytes only, then though the amount of 
electricity of a given intensity which these can transmit electrolyti- 
cally when they are Jiuid^ is often almost infinitely greater than 
that which they can convey onwards by conduction proper, when 
they are solid; still the conduction in the latter cases is very 
evident. A piece of perfectly dry solid nitre, and of many other 
electrolytes, discharges a gold leaf electrometer very freely, and I 
believe by the power of conduction proper; and that being the 
case, I do not see that the assumption of the very highest con- 
dition of electrolytic conduction when the nitre is rendered fluid is 
any argument for the absolute disappearance of the conduction 
proper which belonged to the body in tlie solid state, though it 
may override the latter for the time and make it insensible. These 
considerations are, however, such as arise railier from the absence 
of the final and strict proof on the opposite side, than from any 
thing very positive in their own cliaracter ; but it hits occurred 
to me that the phenomena of static electricity will furnish us with 
many reasons of a •positive nature, in favour of the possession l)y 
liquid electrolytes of the j)ower of conduction pr()[)or. Some of 
these I will endeavour briefly to state, illustrating the subject by a 
reference to water, which in its pure state has but a low degree of 
electrolytic conduction. 

The ordinary phenomena of static charge and induction are well 
known. If an excited glass rod or other body be held near a light 
gilt sphere, suspended from the hand by a metal thread, the in- 
ductive action disturbs the disposition of the electricity in the sphere, 
and the latter is strongly attracted : if in place of the sphere a soap 
bubble be employed, the same results occur. If a dish filled wdth 
pure distilled water be connected with the earth by a piece of 
moist bibulous paper, and a ball of excited shcll-lac be susjjended 
two or three inches above the middle of the water, — and if af plate 
of dry insulating gutta-percha, about eight inches long anjd two 
inches wide, have its end interposed between the water aikl the 
shell-lac, it may then be withdrawn and examined, and will be 
found without charge, even though it may have touched the shell- 
lac ; but if the end once touch the water under the lac (and it 
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may be dipped in,) so as to bring away a film of it, charged with 
the electricity the water has acquired by the induction, it will 
be found to possess, as might be expected, a state contrary to that of 
the inductric shell-lac. 

In order to exclude any conducting body but water from what 
may be considered as a reference experiment, two calico globular 
bags with close seams were prepared ; and being welted thoroughly 
with distilled water, were then filled with air by means of a fine 
blow-pipe point ; they were then attached to two suspending bands 
of gutta-percha, by which tliey were well insulated, and being about 
three inches diameter they formed, when placed in contact, a double 
system six inches in length. A metallic ball, about four inches in 
diameter, was connected with the electric machine to form an induc- 
tric body, an uninsulated brass plate was plactni about nine inches 
off to form an inducteous body ; between these the associated water 
balls could be placed so as to take part in the induction, and when 
the electric charge was so low that the moist atmosphere caused no 
transmission of electricity, the balls could be introduced into position 
and brought away without having received any permanent charge. 
Under ' ircumstances if the associated balls were brought into 

the place of induction, were then separated, withdrawn, and ex- 
amined, they were found, the one charged positively and the other 
negatively, by electricity derived from themselves, and without 
conductive or convective communication with any other substance 
than their own water. 

It is well known indeed that by the use of water we may replace 
metal in all electro-static arrangements, and so form Leyden jars, 
condensers, and other induction apparatus, which are perfect in 
principle though with imperfect action. The principles are the 
same, whether water or metals be used for conductors, and the 
function of conduction is essential to all the results ; tlierefore con- 
duction cannot be denied to the fluid water, which in all such cases 
is acting as the only conductor. In nature, indeed, the pluiiomena 
of induction, rising up to their most intense degree in the thunder- 
storm, are almost, if not altogether, dependent upon the w^ater which 
in the earth, or the clouds, or the rain, is then acting by its conduct- 
ing power ; and if this conducting power be of the nature of con- 
duction proper^ it is probable that that function is as large and as 
important as any exercise of the electrolytic conduction of water in 
other natural phenomena. 

But it may be said that all these cast^, when accompanied by 
conduction, involve a corresponding and proportionate electrolytic 
effect, and are therefore cases of electrolytic conduction ; and it is 
the following out of such a thought that makes me think the results 
prove a conduction proper to exist in the water. For suppose a 
water bubble to be placed midway between a positive and a nega- 
tive surface, as in the figure, then the parts at and about p will 
become charged positive, and those at and about n negative, solely 
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by the disturbance of the electric force originally in the bubble, 
t. e. without any direct transmission of the electric force from 
N or P ; the parts at ^ or ^ will have no electric charge, and 
from those parts to p and n the charge will rise gradually to a 
maximum. The electricity which appears at and elsewhere. 



will have been conducted to these parts from other parts of the 
bubble ; and if the bubble be replaced by two hemispheres of metal, 
slightly separated at the equatorial parts e q, the electricity (before 
conducted in the continuous bubble,) will then be seen to pass as a 
bright spark. Now the particles at any part of the water bubble 
may be considered under two points of view, either as having had 
a current passed through them, or as having received a charge ; in 
either view the idea of conduction proper supplies sufficient and 
satisfactory reasons for the results ; but the idea of electrolytic con- 
duction seems to me at present beset with difficulties. For consider 
the particles about the equator e they acquire no final charge, 
and they have conducted^ as the action of the two half spheres above 
referred to show ; and they are not in a state of mutual tension, as 
is fully proved by veiy simple experiments with the half hemi- 
spheres. Therefore oxygen must have passed from c^o wards w, 
hydrogen from e towards p^ i. e. towards and to the parts to which 
the electricity has been conducted, for without such transmission of 
the anions and cations there would be no transmission of the elec- 
tricit}', and so no electrolytic conduction. But then tlie questions 
arise, — Where do these elements appear ? is the water at n oxygen- 
ated, and that about p hydrogenated ? and may the elements be at 
last dispersed into the air at these two points, as in the case of 
decompositions against air poles? {Exp. Res. 455, 461, &c.) In 
regard to such questions other considerations occur respecting the 
particles about p and and the condition of charge they have 
acquired. These have received the electricity which has passed as 
a current through the equatorial parts, but tlicy have had no current 
or no proportional current through themselves — the conductmn has 
extended to them but not through them ; no electricity has ^passed 
for instance through the particle at n or at />, yet more electricity 
has gone by some kind of conduction to them tlian to any other of 
the particles in the sphere. It is not consistent with our iinder- 
etanding of electrolytic conduction to suppose that these particles 
have been charged by such conduction ; for in the exercise ©f that 
function it is just as essential that the electricity should leave the 
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decomposing particle on the one side, as that it should go to it on 
the other : the mere escape of oxygen and hydrogen into the air is 
not enough to account for the result, for such escape may be freely 
pe^’mitted in the case of electrodes plunged into water ; and yet if 
the electricity cannot pass from the decomposing particles into the 
electrodes, and so away by the wires, in a condition enabling it to 
perform its full equivalent of electric work any where else in the 
circuit, there is no decomposition at the final particles of the elec- 
trolyte, nor any electrolytic conduction in its mass. Even in the air 
cases above referred to there is a complete transmission of the elec- 
tricity across the extreme particles concerned in the electrolysis. 

If the above reasoning involve no error, but be considered suffi- 
cient to show that the particles at j> and n are not electrolyzed, then 
it is also sufficient to prove that none of the particles between p 
and n have been electrolyzed ; for though one at e or q may have 
had a current of electricity passed through it, it could not give up 
its elements unless the neighbouring particles were prepared to take 
them in a fully equivalent degree. To stop the electrolysis at n and 
p, or at those parts of tlie surface where the moving electricity 
stops, is stop it at all the intervening parts according to our 
present views of electrolysis, and to stop the electrolysis is to shut 
out electrolytic conduction ; and nothing at present remains but 
conduction proper^ to account for the very manifest effects of con- 
duction which occur in the case. 

It maybe imagined tliat a certain polarized state of tension occurs 
in these cases of static induction, which is intermediate between it 
and electrolytic conduction {Exp, Res. 1164); or that a certain 
prej)aratory and as it were incomplete condition may be assumed, 
distinguishing the case of static conduction with globes of water, 
which r have taken as the ground of consideration from the same 
case when presented by globes of metal. Our further and future 
knowledge may show some such slate ; but in respect of our present 
distinctive views of conduction proper and electrolytic cotduction, 
it may be remarked that such discovery is just as likely to coincide 
with the former as with the latter view, though it most probably 
would alter and correct both. 

Falling back upon the consideration of the particles between 
e and w, we find, that whether we consider them as respects the 
current which has passed through them, or the charge which they 
have taken, they form a continuous series ; the particle at e has had 
most current, that at n none, that at r a moderate current ; and 
there are particles which must have transmitted every intermediate 
degree. So with regard to charge ; it is highest at n, nothing at 
e, and every interm^iate degree occurs between the two. Then 
with respect to these superficial particles, they hold all the charge 
that exists, and therefore all the electrici^x which has been con- 
ducted is in them ; consequently all the electrolytic results must be 
there ; and that would be the case, even though for the shell we 
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were to substitute a sphere of water. For, if those particles which 
have had more current through them than others be supposed to 
have more of the electrolytic results about them than the others, 
then that electricity which is found associated chiefly, if not 
altogether, with these others, could have reached them only by 
conduction proper, which for the moment is assumed to be non- 
existent. So, to favour the electrolytic argument, we will consider 
the conduction as ending at, and the electrolytic results as summed 
up in, these superficial particles, passing for the present the former 
objection that though the electricity has reached, it has not gone 
through, these particles. Taking, therefore, a particle at r, and con- 
sidering its electrolytic condition as proportionate to the electricity 
which has arrived at that particle, and given it charge, we may then 
assume, for we have the power of diminishing the inductive action 
in any degree, that the electricity, the conduction of which has 
ceased upon the particle that was there has been just enough to 
decompose it, and has left what was the under but is now the 
surface particle, charged. In that case, some other particle, in a 
higher state of charge, and nearer to w, as at s, will have had 
enough electricity conducted towards its place to decompose two 
particles of water ; — but it is manifest that this cannot be the next 
particle to that at r, but that a great number of other particles in 
intermediate states of charge must exist between r and s. Now the 
question is, how can these particles become intermediately charged 
by virtue of electrolytic conduction only ? Electrolytic action is 
definite, and the very theory of electrolytic conduction assumes that 
the particles of oxygen and hydrogen as they travel convey not a 
variable but a perfectly definite amount of power onward in its 
course, which amount they cannot divide, but must tiike at once 
from alike particle, and give at once to another like particle. I low 
then can any number of particles, or any action of such pari ides 
carry a fraction of the force associated with each particle ? It is 
no doubt true, that if two charged particles can throw their power 
either on to one, or to three or more other particles, then all the 
difficulty disappears. Conduction proper can do this : but, as we 
cannot conceive of a particle half decomposed, so I ciinnot see how 
tliis can be performed by electrolytic conduction, t. e, how the 
particle between r and s can be excited to the intermediate and 
indefinite degree, conduction without electrolysis being denied both 
to it and the particles around it. 

If the particles between e and n be supposed to conduct electro- 
lytically by the current which passes through them (dismissing for a 
time, amongst other serious objections, that already given tl^t the 
products would not be found at the places to which the elec<tricity 
has been conveyed) still the present argument would have like 
force. At r enough electricity may have passed through to decom- 
pose two particles of water, at s only enough to decompose one,— 
how is a particle between r and s to change elements with the par- 
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tides either towards r or towards s, if electrolytic change only is to 
be admitted ? or how, as before enquired, can two particles throw 
their power on to, or receive their power from one ? Many other 
considerations spring out of the thought of a water bubble, under 
static induction ; but these just expressed, with those that relate 
to the seat of electrolytic action, whether at the place of current or 
of charge, create a sum of difficulty fully sufficient, without any 
others, to make me suspend for the present any conclusions on the 
matter in question. 

The conduction power of water may be considered under another 
point of view ; namely, that which has relation to the absolute 
charge that can be given to the fluid. A point from the electrical 
machine can charge neighbouring particles of air, and they issue 
off in streams. It can do the same to particles of camphine, or oil 
of turpentine ; — it can do the same to the particles of water ; and if 
two fine metallic wires connected with RuhmkorfTs apparatus, 
be immersed in distilled water, about half an inch apart, the motes 
usually present will soon show how the water receives charge, and 
how the charged water passes off* in streams, which discharge to each 
other ill Uic mass. Now such charge is not connected with electro- 
lysis ; the condition of electrolyzation is that the electricity pass 
through the water and do not stop short in it. The mere charge of 
the water gives us no idea where any constituents set loose by electro- 
lysis can be evolved, and yet conduction is largely concerned in the 
act of charging. A shower of rain falls a(Toss a space in the atmo- 
sphere subject to electric action, and each drop becomes charged ; 
spray may be thrown fortli from an electrified fountain very highly 
charged ; — conduction has been eminently active in both cases, but 
I find it very difficult to conceive how that conduction can be 
electrolytic in its character. 

\V lien drops of water, oppositely electrified, are made to approach 
each other, they act by convection, ?. e. as carriers of electricity ; 
when tliey meet they discharge to each other, and the function 
of conduction is for tlie time set up. When the water bubble, 
described p. 5, is taken out of the sphere of induction, the opposite 
electricities about p and n neutralize each other, being conducted 
through the particles of the water. Are we to suppose in tlieso 
cases that the conduction is electrolytic ? if so, where are the con- 
stituents sepanited, and wliere arc they to appear? It must be a 
strong conviction that would deny conduction proper to electrolytes 
in these cases ; and if not denied here, what reason is there ever to 
deny it absolutely. 

The result of all the thought I can give to the subject is a sus- 
pended judgment. I cannot say that I think conduction proper is 
as yet disproved in electrolytes ; and yet r cannot say that I know 
of any case in which a current, however weak, being passed by 
platinum electrodes across acidulated water does not bring them into 
a polarized condition. It may be that when metallic surfaces are 
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present, they complete by their peculiarities the condition necessary 
to the evolution of elements, which, under the same degree of 
electrification would not be evolved if the metals were away ; and, 
on the other hand, it also may be that after the metals are polarized, 
and a consequent state of reactive tension so set up, a degree of con- 
duction proper may occur between them and the electrolyte simul- 
taneously with the electrolytic action. There is now no doubt that 
as regards electrolysis and its law, all is as if there were but electro- 
lytic conduction ; but, as regards static phenomena (which are 
equally important) and the steps of their passage into dynamic 
effects, it is probable that conduction proper rules with electro- 
lytes as with other compound bodies : for it is not as yet disproved, 
is supported by strong presumptive evidence, and may be essential. 
Yet so distant are the extremes of electric intensity, and so 
infinitely different in an inverse direction are the quantities that 
may and do produce the essential phenomena of each kind, that this 
separation of conductive action may well seem perfect and entire to 
those whose minds are inclined rather to see conduction proper 
replaced by electrolytic conduction, than to consider it as reduced, 
but not destroyed ; disappearing, as it were, for electricity of great 
quantity and small intensity, but still abundantly sufficient for all 
natural and artificial phenomena, such as those described, where in- 
tensity and time both unite in favouring the final results required. 

But we must not dogmatise on natural principles, or decide upon 
their physical nature without proof ; and, indeed, the two modes of 
electric action, the electrolytic and the static, are so different yet 
each so important, the one doing all by quantity at very low 
intensity, the other giving many of its chief results by inteTTsity with 
scarcely any proportionate quantity, that it would be dangerous to 
deny too hastily the • conduction proper to a few cases in static 
induction, where water is the conductor, whilst it is known to be 
essential to the many, only because, when water is the electrolyte 
employed, electrolytic conduction is essential to every case of 
electrolytic action. 

[M. F.] 



Friday, June L 

The Duke or Northumberland, K.G. F.R.S. President, 
in the Chair. 

Professor Tyndall, F.R.S. 

On the Currents of the Leyden Battery, 

In our conceptions and reasonings regarding the forces of nature 
we perpetually make use of symbols, which, when they possess a 
high representative value, we dignify with the name of theories. 
We observe, for example, heat propagating itself through a bar of 
metal, and help ourselves to a conception of the process by com- 
paring it with water percolating through sand, or travelling by 
capillary attraction through a lump of sugar. In some such way 
we arrive at what is called the material iheoiy^ of heat. The thing 
seen is thus applied to the interpretation of the thing unseen, and 
the longing of the human mind to rest upon a satisfactory reason, is 
in some measure satisfied. So also as regards the subject of the 
present evening’s discourse ; we are not content with the mere facts 
of electricity ; we wish to look behind the fact, and prompted by 
certain analogies we ascribe electrical phenomena to the action of a 
peculiar fluid. Such conceptions have their advantages and their 
disadvantages : they afford peaceful lodging to the intellect for a 
time, but they also circumscribe it ; and by and by, when the mind 
has grown too large for its mansion, it often finds a difficulty in 
breaking down the walls of what has become its prison instead of 
its home. Thus, at the present day, the man who would cross the 
bounds which at present limit our knowledge of electricity and 
magnetism finds it a work of extreme difficulty to regard facts in 
their simplioityi or to rid them of those hypothetical adornments 
with which common consent has long inve-^<^ them. 

But though such is the experience of the earnest student of 
Natural Philosophy at the present — though he may be compelled to 
refuse his assent to the prevalent theoretic notions, he may never- 
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theless advantageously make use of the language of these theories in 
bringing the facts of a science before a public audience ; and in 
speaking of electricity, the speaker availed himself of the convenient 
hypothesis of two fluids, without at all professing a belief in their 
existence. A Leyden jar was charged. The interior of the jar 
might be figured as covered with a layer of positive electricity, 
and the exterior by a layer of negative electricity ; which two 
electricities, notwithstanding their mutual attraction, were prevented 
from rushing together by the glass between them. When the 
exterior and interior coating are united by a conducting body, the 
fluids move tlirough the conductor and unite ; thus producing what 
is called an electric current. The mysterious agent which we darkly 
recognise under this symbol is capable of producing wonderful 
effects ; but one of its most miraculous characteristics is its power 
of arousing a transitory current in a conductor placed near it. The 
phenomena of voltaic induction are well known ; and it is interest- 
ing to inquire whether frictional electricity produces analogous 
phenomena. This question has been examined by Dr. Henry, and 
still more recently by that able and experienced electrician M. Riess, 
of Berlin. The researches of these gentlemen constituted the sub- 
ject of the evening’s discourse. 

A wooden cylinder was taken, round which two copper wires, 
each 75 feet in length, were wound ; both wires being placed upon 
a surface of gutta-percha, and kept perfectly insulated from each 
other. The ends of one of these wires were connected with a 
universal discharger, w’hose knobs were placed within a quarter of 
an inch of each other ; when the current of a Leyden battery was 
sent through the other wire, a secondary current was aTbused in 
that connected with the discharger, which announced itself by a 
brilliant spark across the space separating the two knobs. 

Th^ wires here used were covered externally with a sheet of 
gutta-percha ; and lest it should be supposed that a portion of the 
electricity of the battery had sprung from one wire to the other, 
two flat disks were taken. Each disk contained 75 feet of copper 
wire, woimd in the form of a flat spiral, the successive convolutions 
of which were about two lines apart. One disk was placed upon 
the other one, the wire being so coiled that the convolutions of 
each disk constituted, so to say, the impress of those of the other, 
and the coils were separated from each other by a plate of varnished 
glass. The ends of one spiral were connected with the universal 
discharger, between whose knobs a thin platinum wire, ten inches 
long, was stretched. When the current of the Leyden battery was 
sent through the other spiral, the secondary current, evoked iq the 
former, passed through the thin wire, and burnt it up with brifliant 
deflagration. A pair of spirals were next placed six inches apart, 
and a battery was discharged through one of them ; the cufrent 
aroused in the other was sufficient to deflagrate a thin platinum wire 
four inches in length. 
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We have every reason to suppose that the secondary current thus 
developed is of the same nature as the primary which produced it ; 
and hence we may infer, that if we conduct the secondary away 
and carry it through a second spiral, it, in its turn, will act the 
part of a primary, and evoke a tertiary current in a spiral brought 
near it. This was illustrated by experiment. First, two spirals 
were placed opposite to each other, through one of which the cur- 
rent of the battery was to be sent ; the other was that in which the 
secondary current was to be aroused. The ends of the latter were 
connected by wires with a third spiral placed at a distance, so that 
when the secondary current was excited it passes through the third 
spiral. Underneath the latter, and separated from it by a sheet of 
varnished glass, was a fourth spiral, whose two ends were connected 
with the universal discharger, between the knobs of which a quantity 
of gun-cotton was placed. When the battery was discharged 
through the first spiral, a secondary current was aroused in the 
second spiral, which completed its circuit by passing through the 
third spiral : here the secondary acted upon the spiral underneath, 
developed a tertiary current which was sufficiently strong to pass 
betwc\;ii luc knobs, and to ignite the gun-cotton in its passage. It 
was shown that we might proceed in this w ay and cause the tertiary 
to excite a current of the fourth order, the latter a current of the 
fifth order, and so on ; these children, grandchildren, and great 
grandchildren of the primary being capable of producing all the 
effects of their wonderful progenitor. 

The phenomena of the extra current^ which exists for an instant 
contemporaneously with the ordinary current in a common voltaic 
sj)iral, were next exhibited ; and the question whether a spiral through 
which a Leyden battery was discharged exhibited any similar 
phenomena was submitted to examination. It w as proved, that the 
electric discharge depended upon tJie shape of the circuit through 
which it passed : when two portions of such a circuit are brought 
near each other, so that the positive electricity passes in ilie same 
direction tliough both of them, the effect is that the discharge is 
weaker than if sent through a straight wire : if, on the contrary, the 
current flow through both portions in opposite directions the 
discharge is stronger than if it bad passed through a straight wire. . 
A flat spiral was taken, containing 75 feet of copper wire ; one end 
of the spiral was connected with a knob of the universal discharger, 
and the other knob was connected with the earth : between the knobs 
of the discharger about four inches of platinum wire were stretched ; 
on connecting the other end of the spiral with the battery a discharge 
passed through it of such a strength that it was quite unable to 
raise the platinum wire to the faintest glow. The same length of 
copper w'irc was then bent to and fro in a 'zigzag manner, so that on 
every two adjacent legs of the zigzag the current from the battery 
flowed in opposite directions. AVhen these 75 feet of wire were 
interposed between the battery and the platinum wire, a discharge 
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precisely equal to that used in the former instance, raised the plati- 
num wire to a high state of incandescence, and indeed could be 
made to destroy it altogether. 

When a primary and a secondary spiral are placed opposite to 
each other, a peculiar reaction of the secondary upon the primary 
is observed. If the ends of a secondary (50 feet long) be connected 
by a thick wire, the effect upon the primary current is the same as 
when the ends of the secondary remain wholly unconnected. If 
the ends of the secondary be joined by a long thin platinum wire, 
the reaction of the secondary is such as to enfeeble the primary. 
This enfeeblement increases up to a certain limit as the resistance is 
increased, from wliich forwards it diminishes until it b^mes insen- 
sible. This would appear to prove that to react upon the primary 
the secondary requires to be retarded ; and that the greater the 
amount of the retardation, up to a certain limit, the greater is the 
enfeeblement. But by increasing the resistance we diminish the 
strength of the secondary, and when a certain limit is attained, this 
diminution is first compensated for by the influence of retardation, 
from which point forwards with every increase of the resistance, the 
enfeeblement of the primary is diminbhed. A primary current 
which fuses a certain length of platinum wire where the ends of the 
secondary are disunited, or where they are united by a thick wire, 
fails to do so when they are united with a thin wire. But if, instead 
of a thin wire, a body of much greater resistance, a column of water 
for example, be introduced, the platinum wire is fused as before, 

[J.T.] 
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Tjie Duke of Nortjiumberland, K.G. F.R.S. President, 
in the Chair. 

Professor Faraday, D.C.L. F.R.S. 

On Ruhmkorff* s Induction Apparatus, 


This apparatus is known to consist of a soft iron core, intended to 
act magnetically, around which there is a coil of coarse copper wire, 
to be connected at pleasure with few or many cells of a voltaic 
battery ; and external to this is a second coil of much thinner copper 
wire, having great length, in which the peculiar currents of tlie 
apparatus are to be produced. The coils of the wires are insulated 
from one another by a very careful mode of preparation. The 
inner, called the primary coil, is supplied with an automatic con- 
trivance, so that when the battery is connected with it, the con- 
tinuity is broken, to be renewed again an instant after ; and thus a 
series of short intermitting currents, rapidly recurring, pass through 
it instead of one constant current. The outer coil, usually called 
the secondary, h<vs its terminations apart ; and these can be con- 
nected either metallically by a wire, or arranged with any interval 
or apparatus placed between them, in which effects of the induced 
current are to be shown, and by which its characters are to be 
examined. 

AVhen the secondary circuit is metallically complete, each brief 
current in the primary wire causes, according to well-known prin- 
ciples {Exp. Res. 10, &c.), two successive currents in opposite 
directions in the secondary wire ; and if a galvanometer be 
included in the secondary circuit, it is seen that the communica- 
tion of the primary wire with the battery is followed by a deflection 
of the needle in one direction, which then gradually swings to and 
fro, accompanied by curious spasmodic motions (which are under- 
stood upon a moment’s insj^ection), until it comes to zen> : if the 
primary current be then stopped, the galvanometer needle is de- 
flected in the other direction, and after a few oscillations subsides 
quietly to zero again. The sum of the alternate induction cur- 
rents having been thus shown to be equal in effect to zero, it was 
then explained how, if the secondary currents be interrupted in the 
smallest degree, even by the intervention of a hair or a piece of 
paper, all the currents of one kind, due to the beginnings of the 
short inducing currents in the primary wire, were ^.topped off from 
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the secondary wire (being expended in the primary wire itself), and 
only those due to the cessations of the primary currents left to show 
their power there ; so that the secondary wire could then give a 
continuous series of intermitting (but not alternating) currents, all 
of which, therefore, had a common direction. 

The remarkable character of the electricity of these currents was 
then shown and explained. Its intensity is such that it can strike 
across J or i an inch of air, whilst the intensity of the inducing current 
is so feeble that it cannot traverse any sensible striking distance : 
but it was also shown, that the more intense the electricity the less 
the sum of force transmitted in a given time by the action of tlie 
same battery and apparatus ; and that when the interniptiori of the 
secondary circuit was the smallest jwssible, as by a hair’s-breadth, 
the largest amount of electricitj’^ passed through the galvanometer 
connected with it. The power of the induced current to pass 
through six inches or more of rarified air, was shown in the form of 
Gassiot’s cascade :* and the conversion of the dynamic force of the 
primary and inducing current into the static force of the induced 
electricity, was illustrated by the charging of electrometers and 
Leyden jars. 

When the secondary current is internipted, as just described, the 
inducing power of the primary current acts in its own wire to pro- 
duce certain hurtful or wasteful results. Fizeau, by applying a 
Leyden jar (or its equivalent,) to the parts of the primary circuit 
near the contact breaker, took up this extra i)ower at the moment of 
time, and converted it to a useful final purpose, upon principles 
belonging to static induction, the effects of whicli were briefly ex- 
plain^. Masson, t Grove. J and Sinsteden have made a lik^pplica- 
tion to the terminals of the secondary wire ; and Grove has pointed 
out striking changes in the character of the currents in it thus 
produced, and useful applications of the results. For instance, 
the spaik^ in air between the ends of two platinum wires con- 
nected with the secondary terminals is flame-like, soft, and 
comparatively quiet compared with that which is produced when 
the terminals are respectively connected with the inner and outer 
coatings of a Leyden jar ; for then it becomes very bright, sonor- 
ous, and a]>parently large, so that two sparks can hardly differ 
more than the same spark under these circumstances. The difler- 
ences are even greater than the appearances show ; for whilst the 
powerful rattling spark cannot fire wood, or pajDer, or even gun- 
powder, except by the use of expedients, the soft quiet spark at 
once inflames any of them. The effect of the static induction thus 
introduced is not so much to vary the quantity of electricity which 


♦ Phil. Mng. 1854, vii. p. 99. 
t Prize Essay, Haarlem Trans. 1854, pp. 46, 47. 
t Phil, Mag. Jan. 185.5, ix. p. 1. 
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passes, as the time of the passage. That electricity which, moving 
with comparative slowness through the great length of the secondary 
coil, produces a spark having sensible duration (and therefore in 
character like that of a Leyden jar passed through a wet thread,) 
is, when the jar is used, first employed in raising up a static induc- 
tion charge, which when discharged produces a concentrated spark 
of no sensible duration, and therefore much more luminous and 
audible than the former. Fixing a piece of platinum wire horizon- 
tally across the ball of a Leyden jar, and then bringing the platinum 
wire secondary terminals respectively near its ends, two interruptions 
are produced in the secondary circuit, the sparks at which are like 
each other and equal in quantity of electricity, for the jar as yet 
forms only an insulating support.. But if, in addition, either 
secondary terminal be connected by a wire with the outside of the 
jar, the spark on that side assumes the bright loud character before 
described, but ceases to tire gunpowder or wood ; and no one would 
at first suppose, what is the truth, that there is the same electricity 
passing in one as in the other. 

Another interesting effect of the static induction is the double 
spark. If" oiic of the secondary terminals b(3 connected with the 
outside of a Leyden jar, and the other be continued until near the 
knob or a wire connected with if, a soft sj)ark appears at that inter- 
val for every successive current in the primary circuit. This spark, 
however, is double ; for the electricity thrown into tlic jar at the 
moment of induction, is discharged back again at the same place the 
instant the induction is over ; the first discharge heats and prepares 
the air there for the second discliarge, and the two are so nearly 
simultaneous as to produce the apjjearancc of a single spark to the 
unaided eye. 

Keference was then made to the hopes raised by this instrument, 
gf advance in the imestigation of the magneto-electric power, 
by means of the great aid which it seems competent to supply. 
The results obtained by (irove* apparently referable to polarization 
were adverted to ; as also the «;markable transverse bands presented 
in the recurring discharge across very rarified air| ; r.nd, founded 
as the instrument is by its core and its wires upon the joint effects 
of electro-dynamic and magneto-electric induction, it was observed 
that it gave great promise of aid in the investigation of that condi- 
tion of either tlie space or the ether which is about magnets, and 
around every discharge of electricity, whether in good or bad 
conductors, and which is expressed by the terms (themselves syn- 
onymous) of the magnetic or the electrotonic state. 

[M. F.] 


* Phil. Tnius. 1852, p. 93, See. 


t Phil. Mag. 18:>2, iv, p .M4. 
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Sib Benjamin Collins Brodie, D.C.L. F.R.S. Vice-President, 

ill the Chair, 

W. R. Grove, Esq. Q.C. F.R.S. M.R.I. 

Inferences from the Negation of Perpetual Motion. 

Scattered among the writings of philosophers will be found 
allusions to the subject of perpetual motion, and here and there are 
arguments like the following : such a phenomenon cannot take place, 
or such a theory must be uillacious, because it involves the ideii of 
perpetual motion ; thus Dr. Roget advanced as an argument against 
the contact theory of electricity, as originally propounded, that if 
mere contact of dissimilar metals, without any chemical or molecular 
change, could produce electricity, then as electricity could, in its 
turn, be made to produce motion, we should thus get perpetual 
motion. 

It may be well to define, as far as such a definition isjwssible, 
what is commonly meant by the term perpetual motion. In one sense, 
all motion, or rather all force, is perpetual ; for example, if a clock 
weight be wound up, ifrepresents the force derived from the muscles 
of the arm which turns the key, the muscles again derive force 
indirectly from the chemical action of the food, and so on. As the 
weight descends it conveys motion to the wheels and pendulum ; the 
former giving force off in the form of heat from friction, the latter 
communicating motion to the air in contact with it, thence to the 
case of the clock, thence to the air of the room, — proved in a very 
simple manner by the ticking heard, whicli is in fact, a blow to the 
organ of hearing. Although ultimately lost to our senses, there is 
no reason to suppose that the force is ever in fact lost. The weight 
thus acting, reaches the ground quietly, and produces no effect at 
the termination of its course. 

If, instead of being allowed to communicate its force to the works 
of the clock, the weight be allowed to descend suddenly, as by cutting 
the string by which it is suspended, it strikes the floor with a force 
which sliakes the house ; and thus conveys, almost instantaneously, 
the amount of force which would be gradually dissipated, though 
not ultimately consumed, by the clock in a week or nine days. 

This idea, however, of the perpetuity of force, is not what is 
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commonly understood by the term perpetual motion : that expression 
is used to convey the notion of a motive machine, the initial force 
of which is restored by the motion produced by it^lf, — a clock, so 
to speak, which winds itself up by its own wheels and pendulum, a 
pump which keeps itself going by the weight of the water which it 
has raised. Another notion, arising from a confusion between 
static and dynamic forces, was, that motion might be obtained with- 
out transferring force, as by a permanent magnet. All sound 
philosophers are of opinion that such effects are impossible ; the 
work done by a given force, even assuming there -were no such 
thing as friction, aerial resistance, &c., could never be more than 
equm to the initial force ; the theoretical limit is equilibrium. The 
weight raised at one end of a lever can never, without the fresh 
application of extraneous force, raise the opposite weight which has 
produced its own elevation. A force can only produce motion 
when the resistance to it is less powerful than itself ; if equal, it is 
equilibrium : thus if motion be produced, the resistance, t^ing less 
than the initial or producing force, cannot reproduce this ; for then 
the weaker would conquer the stronger force. 

The of this evening’s communication was not, however, to 

adduce proofs that perpetual motion, in the sense above defined, 
is impossible ; but assuming that as a recognised truth, to show 
certain consequences which had resulted, and others which were 
likely to result, from the negation of perpetual motion ; and how 
this negation may be made a substantive and valuable aid to 
scientific investigation. 

After Oersted made his discovery of electro-magnetism, philo- 
sophers of the highest attainments argued, that as a current of 
electricity, circulating in a wire round a bar of iron, produced mag- 
netism, and as action and reaction are equal, and in contrary 
directions, a magnet placed within a spiral of wire should produce in 
the wire an electrical current ; had it occurred to their minds that, 
if a permanent magnet could so produce electricity, and thence 
necessarily motion, tliey would thus get, in effect, perpetual motion, 
they would probably have anticipated the discovery of Faraday, 
and found that all that was required was to move the magnet with 
reference to the wire, and thus electricity might have been expected 
to be prwluced by a magnet without involving the supposed 
absurdity. 

In a very different instance, viz. the expansion of water when 
freezing, not only lieat, or the expansive force given to other bodies 
by a body cooling, would be given out by water freezing, but also 
the force due to the converse expansion in the bo<ly itself ; and 
upon the argument that force would, in this case, be got out of 
nothing, Mr. J. Thomson saw that this supposed impossibility 
would not result if the freezing point ol water were lowered by 
pressure, which was experimentally proved to be the case, by his 
brother. 
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In the effects of dilatation and contraction by heat and cold, when 
applied to produce mechanical effects, and consequently in the 
theory of the steam-engine, this subject possesses a greater practical 
interest. Watt supposed, that a given weight of water required 
the same quantity of what is termed total heat (that is, the sensible 
added to the latent heat) to keep it in the state of vapour, whatever 
was the pressure to which it was subjected, and consequently, how- 
ever its expansive force varied. Clement Desormes was also sup- 
posed to have experimentally verified this law. If this were so, vapour 
raising a piston with a weight attached would produce mechanical 
power ; and yet the same heat existing as at first, there would be no 
expenditure of the initial force ; and if we suppose that the heat in 
the condenser was the real representative of the original heat, we 
should get perpetual motion. Southern supposed tiiat the latent 
heat was constant, and that the heat of vapour under pressure 
increased as the sensible heat. M. Despretz, in 1832, made some 
experiments which led him to the conclusion that the increase was 
not in the same ratio as the sensible heat, but that yet there was an 
increase ; a result confirmed and verified with great accuracy by 
M. Regnault, in some recent and elaborate researches. What seems 
to have occasioned the error in Watt and Clement Desormes* ex- 
periments was, the idea involved in the term latent heat ; by which 
supposing the phenomenon of the disappearance of sensible heat to 
be due to the absorption of a material substance, that substance, 
‘ caloric,* was thought to be restored when the vapour was con- 
densed by water, even though the water was not subjected to 
pressure ; but to estimate the total heat of vajxiur under pressure the 
vapour should be condensed while subjected to the sameT)ressure 
as that under which it is generated, as was done in INI. Despretz 
and M. Kegnault’s exi^riments. 

Carnot’s theory, that the mechanical force is produced by the- 
transfer of heat, and that there is no ultimate cost or expenditure of 
heat in producing it, was founded in part on similar considerations ; 
it is true that mechanical motion may be produced by the transfer 
of heat from a higher to a lower temperature, without ultimate 
loss, or, strictly speaking, with an infinitely small loss, but not, as 
he seemed to think, an available mechanical force, except upon an 
assumption which he did not make, and to which allusion will 
presently be made. Thus, let a weight be $up[K)sed to rest on a 
piston confining air of a certain temperature, say 50^, in a vessel 
non-conducting for heat ; part of this temperature will be due to the 
pressure exerted, since compression produces heat in air, wtiile 
dilatation produces cold. If the air be now heated, say to 70®, the 
piston, with the weight attached, will rise, and the temperature in 
consequence of the expansion of the air will cool somewhat, say to 
69^, (the heat of friction of the piston may be taken to compeniate 
the power lost by friction) ; if now a cold body be made to abst^ct 
20^, the piston descending will, by its pressure, restore the 1® lost 
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by expansion ; and when the piston has returned to its first position, 
the original 50° will remain as at first. Suppose this experiment 
repeated up to the rise of the piston ; but when the piston is at its 
full elevation, and the cold body is applied, let the weight be 
removed, so as to drop upon a wheel, or to be used for other 
mechanical purposes, the descending piston will not now reach its 
original point without more heat being abstracted ; from the 
removal of the weight there will not be the same force to restore the 
1°, and the temperature will be 49°, or some fraction short of the 
original 50^ ; if tliis were otherwise, then as the ball in falling may 
be made to produce heat by friction, we should have more heat than 
at first, or a creation of heat out of nothing, in other words, per- 
petual motion. 

When force is abstracted from a thermal machine we ought to 
lose lieat, if we suppose degrees of heat at a lower temperature to 
represent the same amount of force as the same number of degrees 
at a higher temperature ; if, for instance, we suppose that a body 
cooling from 120° to 100°, gives off the same force as a body 
cooling from 20° to zero ; this seems to be tacitly assumed by 
Carnot, h probably not correct, the results of high-pressure 
steam, and other facts indicating a contrary conclusion. If then the 
20° on the lower scale do not represent an equivalent force to the 
20° on the higher, we may gain the same heat in degrees in the 
condenser as was lost from the furnace, and yet get derived power. 
There is frequently a confusion between the work performed which 
returns to the machine, and the derived work, or that which does 
not return, and is used for other purposes. This is puzzling to the 
reader of treatises on the steam-engine, and kindred subjects, and 
has led to much obscurity of thought and expression. 

M, Seguin, in 1839, controverted the position that derived power 
could be got by the mere transfer of heat, and by calcuhUion from 
certain known data, such as the law of Mariotte, viz, that the elastic 
force of gases and v apours increased directly with the presMire, and 
assuming that for vapour between 100^ and loO^ centigrade each 
degree of elevation of temperature was produced by a tliermal unit, 
ho deduced the equivalent of mechanical work capable of being 
performed by a given decrement of heat ; and thus concluded that 
for ordinary pressures about one gramme of water losing one degree 
centigrade would produce a force capable of raising a weight of 500 
grammes through a space of one metre ; this estimate is a little 
beyond that given by the more recent experiments of Mr. Joule. 
M. Seguin has, however, since the accurate and elaborate experi- 
ments of M. Kegnaiilt, necessarily varied his estimate, as by these 
experiments it nj>pears that, within certftin limits, for elevating the 
temperature of compressed vapour by 01*0 degree, no more than 
about -"^ths of a degree of total heat is required ; consequently, the 
equivalent multiplied in this ratio would be IGOO grammes, instead 
of 500. Other investigators have given numbers more or less dis- 
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cordant; so that without giving any opinion on their different 
results, this question may be considered at present far from settled. 
M. Regnault himself does not give the law by which the ratio of 
heat varies with reference to the pressure, and is still believed to be 
engaged in researches on the subject, one involving questions of 
which experiments on the mechanical effects of elastic fluids seem 
to ofler the most promising means of solution. 

One of the greatest difficulties which had presented itself to 
Mr. Grove’s mind, with reference to the theory of Carnot, had 
been one of analogy, derived from the received theories of elec- 
tricity. Many electrical cases might be cited in which no electricity 
is supposed to be lost, though a certain mechanical effort is produced 
by the electricity ; if, for instance, a ball vibrates between a posi- 
tively and negatively electrified substance, none of our electrical 
theories lead us to believe that any diflerence in the actual amount 
of electricity transferred would be occasioned by the ball being 
attached to a lever which would strike a wheel or produce any other 
mechanical effect. 

In preparing this evening’s communication an experiment had 
occurred to him, which, though performed with imperfect apparatus 
and therefore requiring verification, does, as far as it goes, support 
the view derived from the negation of perpetual motion, viz. that 
when electricity performs any mechanical work which does not 
return to the machine, electrical power is lost. The experiment is 
made in the following manner. A Leyden jar of one square foot 
coated surface has its interior connect^ with a Cuthbertson’s elec- 
trometer, between which and the outer coating of the jar are a pair 
of discharging balls fixed at a certain distance (about f'an inch 
apart). Between the Leyden jar and the prime conductor is in*- 
serted a small unit jas of nine square inches surface, the knobs of 
which are 0*2 inch apart. 

The* balance of the electrometer is now fixed by a stiff wire 
inserted between the attracting knobs, and the Leyden jar charged 
by discharges from the unit jar. After a certain number of these, 
(22 in the experiment performed in the theatre on this occasion,) 
the discharge of the large jar takes place across the ^-inch in- 
terval ; this may be viewed as the expression of electrical jK)wer 
received from the unit jar. The experiment is now repeated, the 
wire between the balls having been removed, and therefore the 
‘ tip ’ or the raising of the weight, is performed by the electrical 
repulsion and attraction of the two pairs of balls ; at 22 discharges 
of the unit jar the balance is subverted, and one knob drops upon 
the other, but 7U> discharge takes place^ showing that some electricity 
has been lost, or converted into the mechanical power which raises 
the balance. By^'another mode of expression the electricity may 
be supposed to ^ masked or analogous to latent heat, and Would 
be restored if the ball were brought back, without discharge, by 
extraneous force. 
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This experiment has succeeded in so large an average of cases, 
and so responds to theory, that, notwithstanding the imperfection of 
the apparatus, Mr. Grove places much reliance on it ; indeed, it is 
difficult to see, if the discharges or other electrical effects were the 
same in both cases, why the raising the ball, being extra, and the 
ball being capable by its fall of producing electricity or other force, 
force would not thus be got out of nothing, or perpetual motion 
attained. 

The experiment is believed to be new, and to be suggestive of 
others of a similar character, which may be indefinitely varied. 
Thus, two balls made to diverge by electricity should not give to 
an electrometer the same amount of electricity as if they were, 
whilst electrified, kept forcibly together, an experiment which may 
be tried by Coulomb's torsion balance. 

There is an advantage in electrical experiments of this class, as 
compared with those on heat, viz. that though there is no perfect 
insulation for electricity, yet our means of insulation are immeasur- 
ably superior to any attainable for heat. 

Similar reasoning might be applied to other forces ; and many 
cases, heai\ng on this subject, have been considered by Mr. Grove 
in his essay on the “ Correlation of Physical Forces." 

Certain objections to these views were then discussed, and espe- 
cially some apparently formidable ones presented by M, Matteucci 
in a paper published by him some time ago.* 

This distinguished philosopher cites the fact, that a voltaic 
battery decomposing water in a voltameter, while the same current 
is employed at the same time to make an electro-magnet, never- 
theless gives in the voltameter an equivalent of gas, or decomposed 
substance, for each equivalent of chemical decomposition in the cells, 
and will give the same ratios if the electro-magnet be removed. 
In answer to this objection it may be said, that in the circumstances 
under which this experiment is ordinarily performed, several cells of 
the battery are used, and so there is a far greater amount of force 
generated in the cells than is indicated by the effect in the volta- 
meter. If, moreover, the magnet is not interposed, still the magnetic 
force is equally existent through the whole circuit ; for instance, the 
wires joining the plates will attract iron filings, deflect magnetic 
needles, &c. By the iron core a small portion of the force is ab- 
sorbed while it is being made a magnet, but this ceases to be 
absorbed when the magnet is made ; this is proved by the recent 
observations of Mr. Latimer Clarke, which were fully entered into 
and extended by Mr. Faraday, in a lecture at the Institution 
(Jan. 20, 1854t). It is like the case of a pulley and weight, which 
latter exhausts force while it is being raised, but when raised the 
force is free, and may be used for other purposes. 


* Archives des Sciences Physiques, Vol. IV., p. 380. 
t Proceedings of the Royal Institution, Vol. L, p. 345. 
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If a battery of one cell, just capable of decomposing water and 
no more, be employed, this will cease to decompose while making a 
magnet. There must, in every case, be preponderating chemical 
affinity in the battery cells, either by the nature of its elements or 
by the reduplication of series, to effect decomposition in the vol- 
tameter, and if the point is just reached at which this is effected, 
and the power is then reduced by any resistance, decomposition 
ceases : were it otherwise, were the decomposition in the voltameter 
the exponent of the entire force of the generating cells, and these 
could independently produce magnetic force, this latter force would 
be got from nothing, and perpetual motion be obtained. 

In another case, cited by M. Matteucci, viz. that a piece of zinc 
dissolved in dilute sulphuric acid gives somewhat less heat than 
when the zinc has a wire of platinum attached to it, and is dissolved 
by the same quantity of acid, the argument is deduced that as there 
is more electricity in the second than in the first case, there should 
be less heat ; but, as according to our received theories the heat 
is a product of the electric current, and in consequence of the 
impurity of zinc, electricity is generated in the first case molecularly 
in what is called local action, though not thrown into a general 
direction, there should be more of both heat and electricity in the 
second than in the first case ; as the heat and electricity due to the 
voltaic combination of zinc and platinum are added to that excited 
on the surface of the zinc, and the zinc should be, as in fact it is, 
more rapidly dissolved. Other instances are given by M. Matteucci, 
and many additional cases of a similar description might be sug- 
gested. But although it is difficult, perhaps impossible, to restrict 
the action of any one force to the production of one otlter force, 
and one only ; yet if the whole of one force, say chemical action, 
be supposed to be employed in producing its full equivalent of 
another force, say heat ; then as this heat is capable in its turn of 
reproducing chemical action, and, in the limit, a quantity equal to 
or at least only infinitesimally less than the initial force ; if this 
could at the same time produce independently another force, say 
magnetism, we could, by adding this to the total heat, get more 
than the original chemical action, and thus create force or obtain 
perpetual motion. 

The impossibility of perj^etual motion thus becomes a valuable 
test of the approach that in any experiment we may have made to 
eliminating the whole power which a given natural force is capable of 
producing ; it also serves, when any new natural phenomenon ia dis- 
covered, to enable us to ascertain how far this can be brought into re- 
lation with those previously known. Thus when Moser discovered that 
dissimilar metals would impress each other respectively with a faint 
image of their superficial inequalities ; that, for instance, a copper 
coin placed on a polished silver plate, even in the dark, would, after 
a short time, leave on the silver plate an impression of its own 
device, it occurred to Mr, Grove that as this experiment showed a 
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physical radiation taking place between the metals, it would afford a 
reason for the effects produced in Volta’s contact experiment, with- 
out supposing a force without consumption or change in the matter 
evolving it. This led him to try the effect of closely approximating 
discs of zinc and copper without bringing them into metallic contact ; 
and it was found that discs thus approximated, and then quickly 
separated, affected the electroscope just as though they had been 
brought into contact. Without giving any opinion as to what may 
be tlie nature of the radiation in Moser’s phenomena, this experi- 
ment removes the difficulty presented by that of Volta to the 
chemical theory of electricity. 

The general scope of the argument from the negation of per- 
petual motion leads the mind to regard the so-called imponderables 
as modes of motion, and not as different kinds or species of matter ; 
the recent progress of science is continually tending to get rid of the 
hypotheses of fluids, of occult qualities, or latent entities, which 
might have been necessary in an earlier stage of scienHfic enquiry, 
and from which it is now extremely difficult to emancipate the 
mind : but if we can, as it is to be hoped we shall, ultimately arrive 
at a general dynamic theory, by which the known laws of motion 
of mouses can be applied to molecules, or the minute structural 
parts of matter, it seems scarcely conceivable that the mind of 
man can further simplify the means of comprehending natural 
phenomena. 

[W. R. G.3 



Friday, February 1. 


The Duke of Northumberland, K.G. F.R.S. President, 
in the Chair. 

Professor Tvndall, F.R.S. 

On the Disposition of Force in Paramagnetic and 
Diamagnetic Bodies. 

The notion of an attractive force, which draws bodies towards the 
centre of the earth, was entertained by Anaxagoras and his pupils, 
by Democritus, Pythagoras, and Epicurus ; and the conjectures 
of these ancients were renewed by Galileo, Huyghens, and others, 
who stated that bodies attract each other as a magnet attracts iron. 
Kepler applied the notion to bodies beyond the surface of the 
earth, and affirmed the extension of this force to the most distant 
stars. Thus it would appear, that in the attraction of iron by a 
magnet originated the conception of the force of gravitation. 
Nevertheless, if we look closely at the matter, it will be seen tiiat the 
magnetic force possesses characters strikingly distinct from those of 
the force which holds the universe together. The theory of gravi- 
tation is, that every particle of matter attracts every other particle ; 
in magnetism also we have the phenomenon of attractio% but we 
have also, at the same time, the fact of repulsion, and the final effect 
is always due to the difference of these two forces. A body may 
be intensely acted on Ilya magnet, and still no motion of translation 
will follow, if the repulsion be equal to tlie attraction. A dij)ping 
needle was exhibited : previous to magnetization, the needle, when 
its centre of gravity was supported, stood accurately level ; but, 
after magnetization, one end of it was pulled towards the north 
pole of the earth. The needle, however, being suspended from the 
arm of a fine balance, it was shown that its weight was unaltered by 
iU magnetization. In like manner, when the needle was permitted 
to float upon a liquid, and thus to follow the attraction of the north 
magnetic pole of the earth, there was no motion of the mass towards 
the pole referred to ; and the reason was known to be, that although 
the marked end of the needle was attracted by the north pole, the 
unmarked end was repelled by an equal quantity, and these two 
equal and opposite forces neutralized each other as regards the |»ro- 
ductioii of a motion of translation. When the pole of an ordinary 
magnet was brouglit to act upon the swimming needle, the latter was 
attracted, — the reason being that the attracted end of the needle being 
much nearer to the pole of the magnet than the repelled end, the 
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force of attraction was the more powerful of the two ; but in the case 
of the earth, the pole being so distant, the length of the needle was 
practically zero. In like manner, when a piece of iron is presented 
to a magnet, the nearer parts are attracted, while the more distant 
parts are repelled ; and because the attracted portions are nearer to 
the magnet than the repelled ones, we have a balance in favour of 
attraction. Here then is the most wonderful characteristic of the 
magnetic force, which distinguishes it from that of gravitation. 
The latter is a simple unpolar force, while the former is duplex or 
polar. Were gravitation like magnetism, a stone would no more fall 
to the ground than a piece of iron towards the north magnetic pole : 
and thus, however rich in consequences the supposition of Kepler 
and others may have been, it was clear that a force like that of mag- 
netism would not be able to transact the business of the universe. 

The object of the evening’s discourse was to inquire whether the 
force of diamagnetism, which manifested itself as a repulsion of cer- 
tain bodies by tlie poles of a magnet, was to be ranged as a polar 
force, beside that of magnetism ; or as an unpolar force, beside that of 
gravitation. When a cylinder of soft iron is placed within a helix, 
and surro,nnded by an electric current, the antithesis of its two ends, 
or in other words, its polar excitation, is at once manifested by its 
action upon a magnetic needle ; and it may be asked why a cylinder 
of bismuth may not be substituted for tlie cylinder of iron, and its 
state similarly examined. The reason is, tliat the excitement of the 
bismuth is so feeble, that it would be quite masked by that of the 
helix in which it is enclosed ; and the problem that now meets us 
is, so to excite a diamagnetic body that the pure action of the body 
upon a magnetic needle may bo obNcrved, immixed with the action 
of the body used to excite the diamagnetic. 

ITow this may be effected, was illustrated in the following man- 
ner : — an uprighl helix of covered copper wire was placed upon the 
table, and it was sliown that the top of tlie helix attracted, while its 
bottom repelled the same pole of a magnetic needle ; its central point, 
on the contrary, was neutral, and 
exhibited neither attraction nor 
repulsion. This helix was caused 
to stand between the two poles 
N' S' of an astatic magfiet ; the 
two magnets S N' and S'N w'cre 
united by a rigid cross piece at 
their centres, and suspended from the point a, so that both magnets 
swung in the same horizontal plane. It was so arranged that the 
poles N'S' wore opposite to the central or neutral point of the helix, 
so that when a current was sent through the latter, the magnets were 
unaffected by the current. Here then we had an excited helix which 
itself had no action upon the magnets, and 've w ere thus at liberty to 
examine the action of a body placed within the helix and excited by it, 
undisturbed by the influence of the latter. The helix w^as 12 inches 
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high, and a cylinder of soft iron (> inches long sus})ended from a 
string and passing over a pulley could be raised or lowered within 
the helix. When it was so far sunk that its lower end rested 
upon the table, the upper end found itself between the poles N S 
attracting one of them, and repelling the other, and consequently 
deflecting the astatic system in a certain direction. When the cylinder 
was raised so that the upper end was at the level of the top of the 
helix, its lower end was between the poles N' S' ; and a deflection op- 
posed in direction to the former one was the immediate consequence. 
To render these deflections more visible to the audience, a mirror m, 
was attached to the system of magnets ; a beam of light thrown 
upon the mirror was reflected and projected as a bright disk against 
the wall of the theatre ; the distance of this image from the mirror 
being considerable, and its angular motion double that of the latter, 
a very slight motion of the magnet was sufficient to produce a dis- 
placement of the image through several yards. This then is the 
principle of the beautiful apparatus* by which the investigation now 
brought forward was conducted. It is manifest that if a second 
helix be placed between the poles S N with a cylinder within it, the 
action u|)on the astatic magnet may be exalted. This was the 
arrangement made use of in the actual inquiry. Thus to intensify 
the feeble action, which it is here our object to seek, we have in the 
first place neutralized the action of the earth upon the magnets, by 
placing them astatically. Secondly, by making use of two cylinders, 
and permitting them to act simultaneously on the four poles of the 
magnets, we liave rendered the deflecting force four times what 
it would be, supposing only a single pole to be used. Finally, 
the whole apparatus Wiis enclosed in a suitable case, which protected 
the magnets from atmospheric currents, and the deflections were 
read oft' through a glass plate in the case, by means of a telescope 
and sejale placed at a considerable distance from tlie instrument. 

A ]>>iir of bismuih cylinders was first examined. Sending a 
current tliroiigh the helices, and observing that the magnets swung 
perfectly free, it was first arranged tliat the cylinders within the 
helices had their central points oi)posite to the poles of the magnets. 
All being at rest the number on the scale marked by the cross wire 
of the telescope was 572. The cylinders were tlien moved so that 
two ends were brought to bear simultaneously upon the magnetic 
poles: the magnet moved jiromplJy, and after some oscilhitionsf 
came to rest at the number 612 ; thus moving from a smaller to a 
larger number. The other two ends of the bars were next brought 
to bear upon the magnet : a prompt deflection was the consequence, 
and the final position of ec^uilibriiiin was 526; the movement b^ing 
from a larger to a smaller number. We thus observe a manifest 


* Devised by Prof. W. Wel)er, and constructed by M. Leyser, of Leipzig, 
t To lessen these a copper damper was made use of. 
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polar action of the bismuth cylinders upon the magnet; one pair of 
ends deflecting it in one direction, and the other pair deflecting it in 
the opposite direction. 

Substituting for the cylinders of bismuth thin cylinders of iron, 
of magnetic slate, of sulphate of iron, carbonate of iron, proto- 
chloride of iron, red forrocyanide of potassium, and other magnetic 
bodies, it was found that when the p<3sition of the magnetic cylinders 
was the same as that of the cylinders of bismuth, the deflection 
produced by the former was always opposed in direction to that 
produced by the latter; and hence the disposilion of the force in 
the diamagnetic body must have been precisely antithetical to its 
disposition in the magnetic ones. 

But it will be urged, and indeed h;is been urged against this 
inference, that tlie deflection produced by the bismuth cylinders is 
purely due to the currents of induction excited in the mass by its 
motion within the helices, lii reply to this objection, it may be 
stated, in the first place, that the deflection is permanent, and cannot 
therefore be due to induced currents, which are only of momentary 
duration. It has also been urged that such experiments ought to be 
made with-other metals, and with better conductors than bismuth, for 
if due to currents of induction the bettor the conductor the more 
exalted will be the effect. I'liis reipiirement was complied with. 

Cylinders of antimony were substituted for those of bismuth. 
This metal is a better conductor of electricity, but less strongly 
diamagnetic than bismuth. If therefore the action referred to be 
due to induced currents we ought to have it greater in the case of 
antimony than with bismuth ; but if it springs from a true dia- 
magnetic polarity, the action of the bismuth ought to exceed that 
of the antimony. FLxperiment proves that the latter is the case, and 
that hence the deflectioti produced by these metals is due to their 
diamagnetic, and not to their conductive capacity. Copper cylinders 
were next examined : here we have a metal which conducts electri- 
city fifty times better than bismuth, hut its diamagnetic power is 
nearly null ; if the effects be due to induction we ought to have 
them here in an enoruiously exaggerated degree, but no sensible 
deflection was produced by the tw'o cylinders of copper. 

It has also been proposed by the opponents of diamagnetic 
polarity to coat fragments of bismuth with vsome insulating sub- 
stance, so as to render the formation of induced currents impossible, 
and to test the question with cylinders of these fragments. This 
requirement was also fulfilled. It is only necessai*}^ to reduce the 
bismuth to powder and expose it for a short time to the air to cause 
the particles to become so far oxidised as to render them perfectly 
insulating. The i)owcr of tlie powder in this respect was exhibited 
experiineiitally in the lecture ; nevertheless this powder, enclosed in 
glass tubes, exhibited an action scarcely less powerful than that of 
the massive cylinders. 

But the most rigid proof, a proof admitted to be conclusive by 
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those who have denied the antithesis of magnetism and diamagnetism, 
remains to be stated. Prisms of the same heavy glass as that with 
which the diamagnetic force was discovered, were substituted for the 
metallic cylinders, and their action upon the magnet was proved to 
be precisely the same in kind as that of the cylinders of bismuth. 
The inquiry was also extended to other insulators : to phospliorus, 
sulphur, nitre, calcareous spar, statuary marble, with the same 
invariable result : each of these substances was proved ))olar, the 
disposition of the force being the same as that of bismuth and the 
reverse of that of iron. When a bar of iron is set erect, its lower 
end is known to be a north pole, and its upper end a south pole, 
in virtue of the earth’s induction. A marble statue, on the con- 
trary, has its feet a south pole, and its head a north pole, and there 
is no doubt that the same remark applies to its living archetype; 
each man walking over the earth’s surface is a true diaiiiagnet, with 
its poles the reverse of those of a mass of magnetic matter of the 
same shape and in a similar position. 

An experiment of practical value, as atFording a ready estimate 
of the different conductive powers of two metals for electricity, was 
exhibited, for the purpose of proving experimentally some of the 
assertions made by the speaker in reference to this subject. A 
cube of bismuth was taken and suspended by a twisted string 
between the two poles of an electro-magnet. The cube was at- 
tached by a short copper wire to a little square pyramid, the base 
of which was horizontal, and its sides formed of four small triangu- 
lar pieces of looking-glass. A beam of light was suffered to fall 
upon this reflector, and as the reflector followed the motion of the 
cube the images cast from its sides followed each other in succes- 
sion, each describing a circle of about 30 feet in diameter. As the 
velocity of rotation augmented, these images blended into a con- 
tinuous ring of light. At a particular instant the electro-magnet 
was excited, currents were evolved in the rotating cube, and the 
strength of these currents, which increases with the conductivity 
of the cube for electricity, was practically estimated by the time 
required to bring the cube and its associated mirrors to a state of 
rest. With bismuth this time amounted to a score of seconds or 
more : a cube of copper, on the contrary, was struck almost instantly 
motionless when the circuit was established. 

[J. T.] 
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Sir Benjamin Collins Brodie, Bart. D.C.L. F.K.S. 

V’^ice-Prefeident, in the Chair, 

Mu. Fauaday, D.C.L. F.R.S. 

On certain Magnetic Actions and Affections, 

All bodies subject to magnetic induction, when placed in the 
ordinary magnetic field between the poles of a magnet, are affect- 
ed ; paramagnetic bodies tend to pass bodily from weaker to 
stronger places of force, and diamagnetic bodies from stronger to 
weaker’ places of force. If the bodies are elongated, then those 
that are pammagnetic set along the lines of force, and those that 
are diamagnetic across them : but if these bodies have a spherical 
form, are amorphous, and are perfectly free from permanent mag- 
netic charge, they have no tendency to set in a particular direction. 
Nevertheless, there are bodies of both classes, which being crystal- 
line, have the power of setting when a single crystal is wrought into 
the form of a sphere, and tlicse are called raagne-crystals ; their 
number is increasing continually ; carbonate of lime, bismuth, 
tourmaline, <fec,, are of this nature. Bodies which being magnetic, 
set, because they are elongated, are greatly influenced in the force of 
the set by the nature of the medium surrounding them, and to such 
an extent that they not merely vary in their force from the maximum 
to nothing, but will often set axially in one medium, and equatori- 
ally in another. Yet tlie same bodies, if magne-crystallic and 
formed into spheres, though they set well in the magnetic field, will 
set with the same force whatever the cliange in the media about 
them, and are perfectly freed from the influence of the latter. 
Thus, if a crystal of bismuth formed into a sphere, ora vertical cylin- 
der, has, when suspended, its magne-crystallic axis horizontal, and 
if the various media about it, from saturated solution of sulphate 
of iron, up to phosphorus, through air, whaler, alcohol, oil, be 
changed one for anotiier, no alteration in the amount of torsion 
force required to displace the raagne-crystal will occur, provided 
the force of the magnet be constant, notwithstanding that the list 
of media includes highly paramagnetic and l^imagnetic bodies ; and 
in such cases the measurement of the power of st»t is relieved from 
H multitude of interfering circumstances existing in other cases, and 
that power which is dependent upon the internal structure and con- 
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dition of the sul)stance is proved to be, at the same temperature, 
always the same. 

A consequence of magne-crystallic structure is that the same 
body is more paramagnetic, or more diamagnetic in one direction 
than in another ; and therefore it follows, that though such a crystal 
may have no variation in set-force, produced ^by change of the 
surrounding medium, it may have a variation produced in the 
absolute force of attraction or repulsion ; even up to the point of 
being attracted in one position and repelled in another, though no 
change in form, or in the surrounding medium, or in the force of 
the magnet, or in the nature of the body itself, be made, but simply 
a change in the direction of the strncture. This was shown by a 
crystal of the red ferroprussiate of potassa, which, being coated 
carefully witli wax, was suspended from the arm of a torsion balance 
so tliat il dipped into a solution of proto-sulphate of iron occupying 
the magnetic field.* When the magne-crystallic axis was parallel 
to the lines of force the crystal was attracted by the magnetic pole, 
when it was perpekidicular to the lines of force tlie crystal was 
repelled ; acting like a paramagnetic and a diamagnetic in turns. 
jNo raagne-crystal has yet been found having such a relation to 
a vacuum, or to carbonic acid (its magnetic (Hpiivalent) ; calcareous 
spar is nearly coincident with such a medium, and sliows different 
degrees of force in the two directions, but is always a little on the 
diamagnetic side. Calcareous spar having a trace of iron has been 
found very nearly up to the desired point, on the paramagnetic 
side ; and as these preserve the full magne-ciy stallic relation of the 
two directions, there is no reason to suppose that a ciy^stal may not 
be found which may not be paramagnetic in one dircc^on, and dia- 
magnetic in another, in respect of space as zero. 

There is every reason to believe that the general magnetic rela- 
tions of a magne-cfystal are the same with those of the same substance 
in the amorphous state ; and that the circumstances which influence 
one, influence the other to the same de^ee. In that case, the magnetic 
affections of a body might be ascertained by the examination of the 
magne-crystallic affections ; thus the effect of heat iq>on bismuth, 
tourmaline, &c., might be examined by the set of the crystals ; and 
with so much the greater advantage, that short globular forms 
could be used, perfectly free from the magnetic influence of the 
surrounding media required as temperature baths, and requiring no 
displacement of these media with the motion of the crystal. So 
crystals of bismuth, tourmaline, carbonate of iron, and other bodies, 
were suspended in baths of oil, water, 8cc,, tlie temperature ^adually 
raised and lowered, and the torsion force of the set for eich tem- 
perature observed. With bismuth, a crystal having a forct of 200 
at*20® F. was reduced to a force of 70 at 300®, and the diijninution 
of force appeared to be nearly equal in all parts of the scale for an 

^ 24 volumes of saturated solution, at 65^^ F., aud I volume of water. 
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equal number of degrees. A piece of amorphous bismuth, com- 
pressed in one direction, gave nearly the same amount and degree of 
change for the same alteration of temperature ; leading us to the 
persuasion that the whole magnetic force of bismuth as a diamag- 
netic body would suffer like change. A crystal of tourmaline, which 
at 0° had a setting force of 540, when raised to 300^, had a setting 
force of only 270 : the loss of force was progressive, being greater at 
lower than at high temperatures ; for a change from 0® to 30*^ caused 
a loss of force equal 50, whilst a change from 270^^ to 300», caused a 
Joss of only 20. Carbonate of iron suffered a like change ; at 0^ the 
force was 1140, at 300® it was only 415 ; at the lower temperature 
the loss for 30 was 1 20 of force, at the upper it was only 34. 

In all these and in many other cases, both with paramagnetic 
and diamagnetic bodies, the magne-crystallic differences diminished 
with the elevation of temperature ; and therefore it may be con- 
sidered probable, that the actual magnetic force changed in the same 
direction. But on extending the results to iron, nickel, and cobalt, 
employing these metals as very small prisms associated with copper 
cubes to give them weight, it was found that another result occurred. 
Inm, at the temperature of 30*" or 300^, or any intermediate 

degree, underwent no change of force, it remained at 300, which 
was the expression for the piece employed under the circumstances. 
AVe know that at higher temperatures it loses power, and that at a 
bright red it is almost destitute of inductive magnetic force, A 
piece of nickel, which at 95^ had a setting power of 300, when 
raised to 285°, had a power of only 290, so that it had lost a thirtieth 
part of its force; at the heat of boiling oil, it is known to lose 
nearly all its force, being unable then to affect a magnetic needle. 
Cobalt, on the other liand, requires a far higher temperature than 
iron to remove its magnetic character, a heat near that of melting 
copper being necessary. As to lower temperatures it was found, 
that an elevation from 70'^ to 300^ caused an absolute inert of 
the magnetic force from 293 to 333. It is evident, therefore, that 
there is a certain temperature, or range of temperature above 300®, 
at which the magnetic force of cobalt is a maximum ; and that 
elevation above, or depression below that temperature causes a 
diminution of the force. The case is probably the same for iron ; 
its maximum magnetic fT)rce occurring at temperatures between 0® 
and 300“. If nit^el is subject lo the same conditions of a maximum? 
then that state must come on at temperatures below 0® : and it may 
be further remarked, that as the maximum conditions occur in the 
following order for ascending temperatures, nickel, iron, cobalt, 
such also is the same order for the temperatures at whi<*,h they lose 
their high and distinctive magnetic place amongst metals. 

[M. F.] 
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Friday, February 29, 


8ih IIenrv IIoiiLAND, M.D. F.II.S. Vice-President, 
in the Chair. 

Professor Wm. Thomson, F.R.S. 

On the Origin and Transformations of Motive Power. 

"I'jiE speaker comraenced by referring to the term work done^ as 
applied to the action of a force pressing against a body which yields, 
and, to the term mechanical effect produced^ which may be either 
applied to a resisting force overcome, or to matter set in motion. 
Often the mechanical effect of work done consists in a combination 
of those two classes of effects. It w'as pointed out that a careful 
study of nature leads to no firmer conviction than that work cannot 
be done without producing an indestructible ecpiivalent of mechan- 
ical effect. Various familiar instances of an apparent loss of me- 
chanical effect, as in the friction, impact, cutting, or bending of 
solids, were alluded to, but especially that which is presented by a 
fluid in motion. Although in hammering solids, or in forcing solids 
to slide against one another, it may have been suppos^id that the 
alterations which the solids experience from such processes con- 
stitute the effects mechanically equivalent to the work spent, no 
such explanation can be contemplated for the case of work spent in 
agitating a fluid. If water in a basin be stirred rouiul atid left 
revolving, after a few minutes it may be observed to have lost all 
sensible or otherwise discernible signs of motion. Yet it has not 
communicated motion to other matter round it ; and it appears as 
if it has retained no effect whatever fiom the state of motion in 
which it had been. It is not tolerable to suppose that its motion 
can have come to nothing ; and until fourteen years ago confession 
of ignorance and expectation of light was all that philosophy taught 
regarding the vast class of natural phenomena, of which the case 
alluded to is an example, Mayer, in 1842, and Joule, in 1843, 
asserted that heat is the equivalent obtained for work spent in 
agitating a fluid, and both gave good reasons in supix)rt of their 
assertion. Many observations have been cited to prove that heat is 
not generated by the friction of fluids : but that heat is generated by 
the friction of fluids has been established beyond all doubt by the 
powerful and refined tests applied by Joule in his experimental 
investigation of the subject. 
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An instrument was exhibited, means of which the temperature 
of a small quantity of water, contained in a shallow circular case 
provided with vanes in its top and bottom, and violently agitated 
by a circular disc provided with similar vanes, and made to turn 
rapidly round, could easily be raised in temperature several degrees 
in a few minutes by the power of a man, and by means of which 
steam power applied to turn the disc had raised the temperature of 
the water by 30° in half an hour. The bearings of the shaft, to the 
end of which the disc was attached, were entirely external ; so 
that there was no friction of solids under the water, and no way 
of accounting for the heat developed except by the friction in the 
fluid itself. 

It was pointed out that the heat thus obtained is not produced 
from a source^ but is generated; and that what is called into exist- 
ence by the work of a man’s ann cannot be matter. 

Davy’s experiment, in which two pieces of ice were melted by 
rubbing them together in an atmosphere below the freezing point, 
was referred to as the first completed experimental demonstration 
of the immateriality of heat, although not so simple a demonstration 
as JouK«« /*^nd although Davy himself gives only defective reasoning 
to establish the true conclusion which he draws from it, Rumford’s 
inquiry concerning the “Source of the Heat which is excited by 
Friction” was referred to as only wanting an easy additional ex- 
periment — a comparison of the thermal effects of dissolving (in an 
acid for instance), or of burning, the powder obtained by rubbing 
together solids, with the thermal effects obtained by dissolving or 
burning an equal weight of the same substance or substances in one 
mass or in large fragments — to prove that the heat developed by 
the friction is not produced from the solids^ but is called into ex- 
isience between them. An unfortunate use of the word “ capacity 
for heat,” which has been the occasion of much confusion ever since 
the discovery of latent heat, and has frequently obstructed the 
natural course of reasoning on thermal and thermo-dynamic 
phenomena, appears to have led buth Rumford and Davy to give 
reasoning which no one could for a moment feel to be conclusive, 
and to have prevented each from giving a demonstration which 
would have established once and for ever the immateriality of heat. 

Another case of apparent loss of work, well known to an 
audience in the Royal Institution — that in which a mass of copper is 
compelled to move in the neighbourhood of a magnet — was adduced ; 
and an experiment was made to demonstrate that in it also heat 
appears as an effect of the work which has been spent. A copper 
ball, about an inch in diameter, was forced to rotate rapidly between 
the poles of a powerful electro-magnet. After about a minute 
it was found by a thermometer to have risen by 15° Fahr. After 
the rotation was continued for a few nnuutes more, and again 
stopped, the ball was found to be so hot that a piece of phosphorus 
applied to any point of its surface immediately took Are. It is 
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clear that in this experiment the electric currents, discovered by 
Faraday to be induced in the copper in virtue of its motion in the 
neighbourhood of the magnet, generated the heat which became 
sensible. Joule first raised the question. Is any heat generated by 
an induced electric current in the locality of the inductive action ? 
He not only made experiments which established an affirmative 
answer to that question, but he used the mode of generating heat 
by mechanical work established by those experiments, as a way of 
finding the numerical relation between units of heat and units of 
work, and so first arrived at a determination of the mechanical 
value of heat. At the same time (1843) he gave another determi- 
nation founded on the friction of fluids in motion ; and six years 
later he gave the best determination yet obtained, according to 
which it appears that 772 foot pounds of work, (tha£ is 772 times 
the amount of work required to overcome a force equal to the 
weight of 1 lb. through a space of 1 foot,) is required to generate 
as much heat as will raise the temperature of a pound of water by 
one degree. 

The reverse transformation of heat into mechanical work was 
next considered, and the working of a steam-engine was referred 
to as an illustration. An original model of Stirling’s air-engine 
was shown in operation, developing motive power from heat sup- 
plied to it by a spirit lamp, by means of the alternate contractions 
and expansions of one mass of air. Thermo-electric currents, and 
common mechanical action produced by them, were referred to as 
illustrating another very distinct class of means by which the same 
transformation may be efiected. It was pointed out that in each 
case, while heat is taken in by the material arrangement or machine, 
from the source of heat, heat is always given out in another locality, 
which is at a lower, temperature than the locality at which heat is 
taken in. But it was remarked that the quantity of heat given out 
is not^ (as Carnot j)ointed out, it would be if heat were a substance,) 
the same as the quantity of heat taken in, but, as Joule insisted, 
less than the quantity taken in by an amount mechanically equivalent 
to the motive power develop^. The modification of Carnot’s 
theory to adapt it to this truth was alluded to ; and the great dis- 
tinction which it leads to between reversible and not reversible 
transformations of motive power was only mentioned. 

'lo facilitate farther statements regarding transformations of 
motive power, certain terms, introduced to designate various fomis 
under which it is manifested, were explained. Any piece of 
matter, or any group of bodies, however connected, which either is 
in motion, or can get into motion without external assistan<^, has 
what is called mechanical energy. The energy of motion may be 
called either “ dynamical energy,” or “ actual energy.” The Energy 
of a material system at rest, in virtue of which it can gqt into 
motion, is called “ potential energy,” or, generally, motive power 
possessed among different pieces of matter, in virtue of their relative 
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positions, is called potential energy. To show the use of these 
terms, and explain the ideas of a store of energy^ and of conversions 
and transformations of energy, various illustrations were adduced. 
A stone at a height, or an elevated reservoir of water, has potential 
energy. If the stone be let fall, its potential energy is converted 
into actual energy during its descent, exists entirely as the actual 
ener^ of its own motion at the instant before it strikes, and is 
transmrined into heat at the moment of coming to rest on the 
ground. If the water flow down by a gradual channel, its 
potential energy is gradually converted into heat by fluid friction, 
and the fluid becomes warmer by a degree Fahr. for every 772 feet 
of the descent. There is potential energy, and there is dynamical 
energy, between the earth and the sun. There is most potential 
energy and least actual energy in .July, when they are at their 
greatest distance asunder, and when their relative motion is slowest. 
There is least potential eiiergy and most dynamical energy in 
January, when they are at their least distance, and when their 
relative motion is most rapid. The gain of dynamical energy from 
the one time to the other is equal to the loss of potential energy. 

Pot^ntLl energy of gravitation is possessed by every two pieces 
of matter at a distance from one another ; but there is also poten- 
tial energy in the mutual action of contiguous particles in a spring 
when bent, or in an elastic cord when sf retched. 

There is potential energ}' of electric force in any distribution of 
electricity, or among any group of electrified bodies. There is 
potential energy of magnetic force between the different parts of a 
steel magnet, or between different steel magnets, or between a 
.magnet and a body of any substance of either paramagimtic or dia- 
magnetic inductive capacity. There is potential energy of chemical 
force between any two substances which have what is called affinity 
for one another, — for instance, between fuel and oxygen, between 
food and oxygen, between zinc in a galvanic battery and oxygen. 
There is potential energy of chemical force among the different 
ingredients of gunpowder or gun cotton. There is potential energy 
of what may be called chemical force, among the particles of soft 
|)hosphorus, which is spent in the allotro}nc transformation into red 
])hosphorus ; and among the particles of prisinatically crystallized 
sulphur, which is spent when the substance assumes the octahedral 
crystalliziition. 

To make chemical combination lake place without generating 
its equivalent of heat, all that is necessary is to resist the chemical 
force operating in the combination, and take up its effect in some 
other form of energy than heat. In a series of admirable researches 
on the agency of electricity in transformations of energy,* Joule 


* Oil the Production of Ilcat l»y Voltaic Electricity,” communicated to the' 
Kojal Society Dec, 17, 1840, (sec Proceedings of that dale,) and published Vhil. 
Oct. 1841. [On 
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showed that the chemical combinations taking place in a galvanic 
battery may be directed to produce a large, probably in some forms 
of battery an unlimited, proportion of their heat, not in the locality 
of combination, but in a metallic wire at any distance from that 
locality ; or that they may be directed not to generate that part of their 
heat at all, but instead to raise weights, by means of a rotating engine 
driven by the current. Thus if we allow zinc to combine with 
oxygen by the beautiful process which Grove has given in his bat- 
tery, we find developed in a wire connecting the two poles the heat 
which would have appeared directly if the zinc had been burned in 
oxygen gius ; or if we make the current drive a galvanic engine, we 
have, in weights raised, an equivalent of potential energy for the 
potential energy between zinc and oxygen sj)ent in the combination. 

The economic relations b(‘tween the electric and the thermo- 
dynamic method of transformation from chemical afhnity to avail- 
able motive power were indicated, in accordance with the limited 
capability of heat to be transformed into potential energy, which th(i 
modification of Carnot’s principle, previously alluded to, shows, and 
the unlimited performance of a galvanic engine in raising weights 
to the full equivalent of chemical force used, which Joule has estab- 
lished. 

The transformation of motive power into light, wliich takes place 
when work is spent in an extremely concentrated generation of 
heat, was referred to. It was illustrated by the ignition of platinum 
wire by means of an electric current driven throiigli it by the 
chemical force between zinc and oxygen in the galvanic battery ; 
and by the ignition and volatilization of a silver wire by an electric 
current driven through it by the potential energy laM up in a 
Leyden battery, when charged by an electrical machine. J'he 
luminous heat generated in the last-mentioned case was the com- 
plement to a deticiency of heat of friction in the pl.ite-glass and 


**0n the Heat evolved by Metallic Conductors of Electricity, and in the 
cells of a battery during Electrolysis/' — VhiL Mfuj. Oct. 18-11. 

“On the Electrical Origin of the Heat of Comhubtion." — PhiL Mag. 
March 1843. 

“On the Heat evolved during the Electrolysis of Water,” Proceedings of 
the Literary and Philosophical Society of Manchester, 1843, Vol. vii. Part 3, 
Second Senes. 

“ On the Calorific* Effects of Magneto-Electricity, and on the Mechanical 
Value of Heat,” communicated to the British Association (Cork), Aug. 1843, 
and published Phil. Mag. Oct. 1843. 

“ On the Intermittent Character of the Voltaic Current in certain cases of 
Electrolysis, and on tlie Intensity of various Voltaic arrangements.'* — PluL 
Afar/. Feb. 1844. * 

“On the Mechanical Powers of Electro-Magnetism, Steam, and Horses.” 
By Joule and Scoresby. — Phil. Mag. June 1846. 

“On the Heat disengaged in Chemical Combination.” — Phil. M(ig. June 
1852 . 

“On the Economical Pioduction of Mechanical Effect from Chemical 
Forces/'— PAi7. Mag, Jan. 18r)3. 
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rubber of the machine, which a perfect determination, and com- 
parison with the amount of work spent in turning the machine, 
would cei*tainly have detected. 

The application of mechanical principles to the mechanical 
actions of living creatures was pointed out. It appears certain, 
from the most careful physiological researches, that a living animal 
has not the power of originating mechanical energy ; and that all 
the work done by a living animal in the course of its life, and all 
the heat that has been emitted from it, together with the heat that 
would be obtained by burning the combustible matter which has 
been lost from its body during its life, and by burning its body 
after death, make up together an exact equivalent to the heat that 
would be obtained by burning as much food as it has used during 
its life, and an amount of fuel that would generate as much heat 
as its body if burned immediately after birth. 

On the other hand, the dynamical energy of luminiferous vibra- 
tions was referred to as the mechanical power allotted to plants 
(not mushrooms or funguses, which can grow in the dark, are 
nourished by organic food like animals, and like animals absorb 
oxygen- and t-xhale carbonic acid,) to enable them to draw carbon 
from carbonic acid, and hydrogen from water. 

In conclusion, the sources available to man for the production 
of mechanical effect were examined and traced to the sun’s heat and 
the rotation of the earth round its axis. 

Published speculations’*^ were referred to, by which it is shown to 
be possible that the motions of the earth and of the heavenly bodies, 
and the heat of the sun, may all be due to gravitation ; or, that the 
potential energy of gravitation may he in reality the ultimate created 
antecedent of all motion^ heat^ and light at present existing in the 
universe,* 

fW. T.] 


♦ Trans. Roy. Soc. Edinburgh, April 1854 (Profes^r W. ^omson, On 
the Mechanical Knergies of the Solar System Also British 
Report, Liverpool, Sept. 1854 (“On the Mcchau.val Antecedents of Motion, 

Heat, and Light). 



Friday, April 4. 


Sib Henry Holland, Bart. M.D. F.R,S. Vice-President, 
in the Chair. 

IIenbt E. Rosooe, Esq. B.A. Ph.D. 

On the Measurement of the Chemical Action of Light, 

No attempt has been made, up to the present time, accurately to 
measure the changes brought about in chemical substances by the 
action of the solar rays. 

The peculiar action of light on chemical bodies was first ob- 
served by Scheele on chloride of silver. Since that time the 
subject of the chemical action of light has attracted a large amount 
of attention, as the present perfection of the arts of the daguerreo- 
typist and photographer fully testify. Although we possess so 
many facts concerning the chemical action of liglit, this branch of 
science has only as yet arrived at that first or qualitatwe stage of 
developeraent, through which every science must piiss. The laws 
which regulate these phenomena are unknown to us, and we possess 
no means of accurately measuring the amount of the decomposition 
effected by the light. 

The speaker jiroceeded to describe the results of a series of 
experiments carried on by him in conjunction with Professor Bun- 
sen, which had for their object : — 

1. To determine the laws which regulate the chemical 

action of light ; 

2. To obtain a measure for the chemically active rays. 

When aqueous solutions of chlorine, bromine, or iodine, are 

exposed (under certain conditions) to the direct solar rays they 
are decomposed, the corresponding hydracid being formed, and 
the oxygen of the water liberated. Tl»e difference between the 
amounts of free chlorine, bromine, or iodine, contained i|i tlie 
liquid before and after exposure to liglit, gives the quantity of the 
substance decomposed during the insolation. Now it was found 
that this quantity of chlorine, bromine, or iodine, which disappeared, 
was not proportional to the time of exposure to the light ; in twice 
the time, for instance, less Ilian twice as much substance was de- 
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composed. The relation between the amount of light and the 
amount of decomposition was found in this case not to be a simple 
one. 

This anomalous action may be explained even from a theoretical 
point of view. Chemical affinity is the resultant of all the forces 
which come into play during the reaction ; hence it is not only the 
interchanging atoms which influence the result, but also those atoms 
which, without taking part in the decomposition, surround those 
actively engaged. The so-called catalytic phenomena show this 
action in a striking manner. To apply this general principle to the 
special case before us ; we have to begin with pure chlorine water ; 
after the first action of the light, however, hydrochloric acid is 
formed, hence the composition of the solution is altered, and a 
different result must be expected. This theoretical conclusion was 
verified by experiment. Chlorine water, to which 10 per cent, of 
hydrochloric acid was added, did not suffer any decomposition by 
an exposure of six hours to the direct sunlight ; during which time 
the same chlorine water, without previous addition of hydrochloric 
acid, lost nearly all the free chlorine which it contained.* 

Ir ofd^r then to obtain a true measure of the action of light on 
any chemical substance, it is necessary that the body formed by the 
decomposition should be removed from the sphere of action. This 
cannot be done with chlorine water ; a new sensitive substance was 
therefore employed. 

E2qual volumes of chlorine and hydrogen gases when exposed to 
the direct sun light unite with explosion ; in diffuse light, the action 
proceeds gradually. In presence of water the hydrochloric acid 
formed by the combination is immediately absorbed, and thus 
withdrawn from the sphere of action, and the diminution of the 
volume of the mixed gases arising from this absorption gives an 
exact measure of the amount of action effected by the light. The 
diminution in volume of the gas measured by the rise of water in a 
graduated tube was found to be regular, proving that when the 
light is conUant the amount of action is directly proportional to the 
time of exposure. 

The relation between the amount of action and the amount of 
light was experimentally determined, by allowing known quantities 
of diffuse light to fall upon the sensitive gas. Experiments thus 
conducted showed that the amount of action is directly proportional 
to the amount or intensity of the light, I'hese simple relations 
were observed by Dr. Draper, of New York, in 184d ; but his 
method of experimenting differed essentially from that employed in 
these researches, and was not susceptible of any very great degree of 
accuracy. The relation between the amount of action and the mass 
of the sensitive gas has not as yet been fully determined ; experi- 


♦ See Poggendorff's Aiinaleu, xcvi., 373 j and Quarterly Journal of Chemical 
Society, Oct. 1855. 
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ment has however already shown that the relation is not a simple 
one. 

Many very interesting phenomena were observed in the course 
of these investigations. When the gas is first exposed to the light 
no action whatever is observed ; after a short time the absorption 
slowly begins, and increases until a maximum has been attained, 
after which it proceeds regularly. This phenomenon of induction 
probably depends on a peculiar allotropic change which the 
chlorine must undergo before it is capable of uniting with the 
hydrogen. 

The 8j>eaker concluded by expressing his intention of continu- 
ing these experiments at Heidelberg, in order exactly to determine 
the relation which exists between the amount of action and the 
volume of gas employed ; to investigate the phenomenon of induc- 
tion ; and to obtain, if possible, an absolute measure for the chemical 
rays. 

[H. E. R.] 



Friday, May 16. 

Sill Charles Fellows, Vice-ProMdent, in the Chair. 


Dr. a. W. Hofmann, F.R.S, 

On the Chemical Type: Ammonia, 


The great laws which govern chemical combination, have been 
mostly riHJOgnized and elaborated by the study of mineral compounds^ 
the examination of which at a \ery early period attracted the atten- 
tion of inquirers. It was only much later : — in fact, at a comparatively 
recent epoch, that the vegetable and the animal world were drawn 
into Ihe circle of chemical observation. 1 he progress made in the 
study of vegetable and animal substances was based, in the com- 
mencement at leiist, entirely and exclusively upon the knowledge 
whicli chemists possessed of mineral bodies. The experience, the 
ideas, gained in the examination of mineral substances, reflected 
themselves, if 1 may use this exprt^ssion in whatever views w^ere 
brought forw^ard regarding the nature of vegetable and animal 
compounds. Organic Chemistry was but a reproduction, in another 
form, of Mineral^ or Inorganic Chemistry. 

This aspect, however, of the relative position of the tw^o depart- 
ments of the science is rajiidly changing. 'I'he amount of material 
accumulated by the indomitable }>erseverance of so many cultivators 
of Organic Oheinistry. (a chaotic and almost inaccessible labyrinth, 
but a few yawrs ago,^ is rapidly assuming shape and order. The 
study organic bodies has led to the observation of general laws, 
whicli could have never lKH}n disctivered by the examination of 
mineral substances alone, but which begin to react in a most 
powerful manner upon our idea.s regarding the eonstitiition of these 
very ?nincral siibstunees. The progress of our knowledge of 
organic bodies has opened new points of view, from which the con- 
stitution of mineral substances appears to us in a brighter light, in 
a simpler and more intelligible form. In one word, Organic 
Chemistry is beginning to repay, and 1 venture to say, with in- 
terest, the debt of gratitude which it owes to her elder sister, 
Mineral Clieinistry. 

It is iny task, this evening, to bring under your notice some 
especial exanqdes in elucidation of the idea wdiich 1 have 
endeavoured to delineate to you. Illustrations of this kind might 
be taken from widely different departments of the scienee. In 
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consequence of special studies and predilections of my own, I have 
selected as material of illustration a class of substances of which 
the well-known compound Ammonia is the type. 

The four elements — jNitrogen, Phosphorus, Antimony, and 
Arsenic, although essentially differing in many of their physical 
properties, exhibit nevertheless an extraordinary similarity in their 
chemical character, and especially in their combining tendencies. 
With oxygen these four bodies produce teroxides and j)entoxides 
which, in combination with water, have all decidedly acid proper- 
ties. 


Nitrous Acid . . . NO3 

Phosphorous Acid - POa 
Antimonious Acid . SbOa 
Arsenious Acid . . As(X 


Nitric Acid . . . . NO* 

Phosphoric Acid . . P()^ 

Antimonic Acid . . SbO. 

Arsenic Acid . . . AsO. 


The latter acids, inoreo\er, appear to be all tribasic ; in phos- 
phoric and arsenic acids the tribasic character is well marked ; 
with antimonic acid it is less pronounced ; and nitric acid is generally 
considered as a monobasic acid : but tlie progress of science will, 1 
have no doubt, confirm our suspicion that the nitrogen-acid is 
likewise of a tribasic character. The chlorides and bromides, cor- 
responding to the oxides of nitrogen, phosphorus, antimony, 
and arsenic, also exhibit, within certain limits, similar analogies.* 
Again, these four elements unite with hydrogen, and the com- 
pounds thus produced have a similar composition ; they are all 
terhydrides. 


Ammonia NITj 

Phosphoretted Hydrogen . . . PHj 

Antirnonetted Hydrogen . , . Sblly 

Arseiiettcd Hydrogen .... AsIJa 

So far the analogy appears to be complete. Extraordinary dis- 
< r(‘j>ancies, however, are observed in the properties of these hydro- 
gen-comj)ounds, for although they are all gases at the common 
temperature, although they all possess a marked odour, and are 
more or less inflammable, we find that ammonia is soluble in water, 
imparting a strongly alkaline character to this solution ; while the 
three other compounds, phosphoretted, antirnonetted, and arsenotted 
hydrogens are insoluble in water, and without the slightest alkaline 
reaction^ Again, ammonia when coming in contact with afiids, 
absorbs these borlies with the greatest avidity, producing a serifs of 
well marked, mostly crystalline, compounds, which are called salts of 
ammonia, or amnioniacal salts, and of which sal ammoniac and^ sul- 

* For the purpose of illustration specimens of Nitrogeny Phosphorus, Anti~ 
jnong, and Arsenic, and of their oxides, clilorides, and bromides were upon the 
table. 
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phate of ammonia are familiar illustrations. Antimonetted and 
arsenetted hydrogen, on the other hand, have never been combined 
with acids ; and in the case of phosphoretted hydrogen, only one 
salt-like compound, the hydriodate of phosphoretted hydrogen is 
known, which latter certainly presents considerable analogies with 
the salts of ammonia. 


Sulphate of Ammonia NUy, IISO4 

Hydriodate of Ammonia NITa, HI 

Hydriodate of riiosphoretted Hydrogen . PITj, HI 

The want of similarity observed in the general characters of 
ammonia and the hydrogen-compounds of phosphorus, antimony, and 
arsenic, has always been an obstacle in the way of considering the 
four elements in (piestion as members of the same natural family.* 

The modern progress of Oiganic Cliemistry has removed those 
didiculties. 

Organic Chemistry deals with compound molecules, consisting 
of carbon and hydrogen, oc(‘asionally associated with nitrogen 
and oxygen. These compound molecules, often called compound 
radioili,* simulate the deportment and exercise the functions of 
elementary substances. One of the must familiar illustrations of 
organic radicals is the radical Kthyl, consisting of four equivalents 
of carbon, and five of liydrogen, C^IL^ E, and which chemists 
assume to exist in alcohol and cthvr^ the derivation of which from 
water becomes obvious by a glance at the following formulae : — 


Water . 


Alcohol . 


)110 

I no 

I K O 

llio 


Ether 


JEO 

lEO. 


* Tlio pu'iKiratioii and tlic principal properlics of ununonid, phasphoi eltfd ^ 
antimonctlnlf and at send ted liydrogeii were experimentally exhibited. The 
manufacture of animouiacul salts was,morcoA er, illustrated by a serie.s of painted 
diagrams, and a set of large and beautiful specimens furnished by Messrs. Simp- 
son, Maulc, and Nicholson, Kensington. Ammonia w as evolved by the action of 
lime upon sal-ammoniac, phosphoretted hydrogen by that of hydrochloric acid 
upon phosphide of calcium, antimonetted and arsenetted hydrogen lastly, by 
introducing antimony- and arsenic-solutions into flasks from which hydrogen was 
Ixjing evolved. Cylinders were filled with the four gases over mercury. The 
phosphoretted hydrogen evolved proved to be sjHiutaneously inflammable. 
Antimonetted and arsenetted hydrogen were inflamed by a taper, and am- 
monia was shown to be capable of combustion by directing the current the 
gas through agas-flamc. It was demonstnited tlu ' phosphoretted, antimonetted, 
and arsenetted hydrogens arc not absorbed by water or even acids, and that 
they exhibit no alkaline reaction with vegetable colours; whilst ammonia is 
absorbed by water and acids, and jkisscsscs tlie character of a Ntrong alkali. 
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Alcohol may be regarded as water, in wliich one equivalent of 
hydrogen is replaced by ethyl, ether ^ as water, for the two hydro- 
gen-equivalents of which ethyl has been substituted. The general 
characters of these three compounds greatly differ from one 
another; but some of the fundamental properties of water, its 
neutral character for instance, are retained in the two substitution- 
products.* 

Recent researches have proved that in ammonia likewise the 
hydrogen-equivalents are replaceable by ethyl. Three new com- 
pounds are thus produced, which have received the names eihijia- 
minc^ (liethifhumne^ and tnethylamine i and the composition of 
which is illustrated by the following formulae : — 




Ammoniii 

N hi 


In 


iE 

Elhylamiiie , 

2^ hi 


In 

Diethylamine . 

N -I.E 


tll 



'J'rieth^Iumine . 



The three ethylated derivatives fully retain the fundamental 
character of ammonia * they are powerful bases, capable of uniting 
with the acids, and of forming very definite, well crystalli/ing salts. 
Owing to the diminution of volatility with the progress of ethyla- 
tion, the ethylated bases appear to be even more powtM'fully basicv 
than the t^pe itself. This development of basic power, as will be 
presently seen, deserves especial consideration. The substitution 
of ethyl for hydrogen presents no difficulty, it may be effected l)y 
several methods, one of the commonest processes consisting in 
the action of iodide of ethyl upon the body to be etliylated. 
Tims ammonia and iodide of ethyl produce etbylaraine and 
hydriodic acid, which unite and give rise to the formation of 
bydriodate of elhylarniiie.t 

* Specimens of water, alc<»hol, and ether placed in juxUiqMi-^ition. F'lh} f 
gas, obtained by the action of zinc upon the iodide of ethyl in a strong copper 
digestor, exhibited and burnt. 

+ Ammonia, ethylamine, diethylamine, and tricthylaminc placed side by 
side ; the alkaline properties of these four substances ex (Xiri mentally demon- 
strated. Iodide of ethyl, and its action on ammonia exhibited. 
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H E| 

H 4- KI = N 11} 

In Hj 


111 , 


In constHjuoiK'.e of the ethylatt'd derivatives of ammonia rebiin- 
ing the basic character of the type, and exliibiting it, under certain 
conditions, even in a higher degree, the question naturally suggested 
itself, What would be the effect of introducing ethyl into phospho- 
retted, antimonetted, and arsenetted hydrogen? 

The ethylation of these hydrogen-compounds presents difficulties 
not experienced with the nitrogen -series, and has been accomplished 
only by roundabout processes. Nor have all the terms, the exist- 
ence of which theory suggests, as yet been obtained : compounds 
corresponding to ethylamine and to diethylamine are wanting at 
present, but the substances which correspond to triethylainine are 
known. 

The following table exhibits the compounds belonging to this 
group which are known. 


.Vi(ro^-s'r) . es. 


rhosph>/t us-iSentS 


Auiiinony-^^irii s. 


* 1 11 M 1 T» J II I Ai)fiiiic>nc t t(‘d ov / ii 

Auimuuw • • • ! Kjjrogen ’ : lly.lt>.g<.|i 


(K : 

KlljNlamino . . N\H , Utiknouii. 

Ill 


l>n ibvlaniinc Unknossu. 

In ! 


UukllOVMl. 


L u. 


Tn. 


■thjlammc . s|t j ‘ "‘iJul'.'f ''''f' Tiiott.yl»(ibmi ^b|K 


AneuiC'SejruiS. 

Ar'itnc'Ufd a^J ij 
Jlydrogen | 


Unknown. 

Uuknow n, 

Tu^itllyl^M^Ulo As 


■{i 


Now triethyljdiosphine,* Iriethylstibine, and trielhylarsine are 
substances exhibiting, altliough in a less prominent degree, all the 
fundamental characters of triethvlaniine, and consequently of am- 
moiua itself. Tliey are well defined and powerful bases, capable of 
uniting with the acids and of producing a series of remarkable, 
mostly crystalline salts, in which w^e find all the properties of the 
ammoniacal salts. Chemists have thus succeeded in rendering 
visible to the mental eye, if 1 may say so, the true nature of phos- 
phoretled, antimonetted, and arsenetted hydrogen. By the conver- 
sion of these mineral substances into oryaiiic com])ouiids, by the 


* Specimens of trietiiylpliosphiuo exhibited, and its alkaline characters 
demonstrated. A small (luantify of trlethylphospliine was pouri*d into a test- 
tube filled with oxygen, and placed in hot water, when tbe phosphorus-compound 
exploded w-ith great violence. Another fM^nion introduced into chlorine gas, 
gave rise to a brilliant flash of light, the carbon e’ the substance being set free. 
To show the combining p<»wcr of triethy Iphospliine, the substance was mixed 
with iodide of methyl, when a white crjstalline compound was immediately 
formed, w ith evolution of much heat. 
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simple process of ethylation, their alkaline disjwsition, not to use 
the term character, has been unniistakeably brought to light. 1'he 
formation of alkaline bodies similar to ammonia by the substitution 
of ethyl for the hydrogen in phosphoretted, antimonetted, and arse- 
netted hydrogen, leaves no doubt regarding the analogy of these 
substances with ammonia, and thus we see that researches carried 
out exclusively in the Jield of Organic Chemistry hai^e lent most 
valuable assistance in deciding a question of co7isiderable importance 
regarding the classiJicatio7i of mineral suhstances. These re- 
searches have furnished the last argument which was wanting to 
prove that nitrogen, phosphorus, antimony, and arsenic form a 
natural group of elements, the chemical history of which presents 
analogies not less prominent than those which are observed with 
the elements chlorine, bromine, and iodine. 


The type Ammonia oilers another interesting illustration of the 
influence wdiich the progress of Organic Chemistry exerts upon the 
Mineral Department of the science, and of the unexpected support 
wliich some of the mineral theories have received from the deve- 
lopment of our ideas regarding the constitution of organic suh- 
stances. 

Soon after Sir Iluinpliry Davy’s immortal discoveries of the 
alkali-metals, chemists were led by the extraordinary analogy of the 
Silks of these metals with those of ammonia, to assume in tlie latter 
ii metallic substance similar to potassium and sodium.* Numerous 
experimcjits were made to isolate this meUillic princi[do^roiri tlie 
ainmoniacal salts ; and the resources electricity, wdiich had ex- 
hibited such wonderfuj powers in the hands of Sir II. Davy, were 
not appealed to without result. The metal itself, it is true, was not 
isolated*; but a compound or alloy was obtained, containing nitrogen 
and hydrogen, and the metallic cliaracterof which was indisputable. 
If the electric current be passed into a solution of ammonia floating 
upon a layer of mercury in such a manner, that the positive pole of 
the battery merely dips into the ammonia, while the negative pole 
is immersed in the mercury, a very remarkable phenomenon is 
observed ; the mercury begins to swell up and is gradually converted 
into a mass of buttery consistence, but retaining a perfect rnctuUic 
lustre, while pure nitrogen gas arising from the oxidation of am- 
monia makes its apj>earance at the positive pole.f liemoved from 


* The analogy of the salts of ammonia and those of the fixed alkalies^ and 
especially the isomorphism of the salts of ammonia and potassa, was illusli'ated 
by numerous specimens upon the I>ecture-tablc, Ammonia-alum and pofassa- 
alum, sulphate of ammonia and sulphate of potassa, chloride of aramoniuiil and 
chloride of potassium, &c. &c. 

t The ammonium-amalgam was produced on a small scale by the action 
of the electric current. 
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the influence of the battery, the altered mercury soon resumes its 
original appearance, losing at the same time hydrogen and ammonia 
in the proportion of one equivalent of the former (II) to one of 
the latter (N Ilg). It was therefore argued that the mercury owed 
the alteration of its properties to its being associated with hydrogen 
and ammonia, that is with N II4 ; and since mercury in its combina- 
tions never/etains any metallic appearance, except in its alloys called 
amalgams, that is in its combination with metallic substances, che- 
mists considered themselves entitled to attribute metallic characters 
also to the hy])othetical association of nitrogen and hydrogen, 
represented by the formula N H4 = Am, for which, forthwith, the 
name of Ammonium was proposed. 

liy assuming the existence of this hypotheticai metal in the salts 
of ammonia, the nature of these substances, their analogy with the 
salts of the fixed alkalies, and especially the isomorphism of the 
salts of ammonia and potassa, became at once intelligible. Tlie 
following table exhibits the ammoniacal salts (represented firstly, 
as combinations of ammonia^ with hydrated acids ; and secondly, 
as r/>«//<o«i«//<-compounds ;) in juxtat>osition with the corresponding 
terms- of potassium-series. 



Ammonia- 

Compounds. 

... 

m nwn ium- ( ^om po unds . 

Pot ass turn- 
Compounds, 

Oxide . 

Nil,, no 

N II4 0 or j Am 0 

K 0 

Chloride 

N II„ IICl 

Nil, Cl orj Am Cl 

K Cl 

Sulphate 

1 Nil,, HSO, 

N 114 SOj or, Am SO* 

K SO, 

Nitrate . 

! Nila, UNO, 

Nn4 NOp or Am NOe 

K NO. 


The analogy of cliloride, sulphate, and nitrate of ammonium, 
with the corresponding potassium -compounds, is complete, but the 
analogy begins to fail wlien we compare the os 'ides of ammonium and 
potassium. Oxide of potassium, potash, is a perfectly definite body, 
the pro})erties of which, especially in its liydrated condition, are 
well known. On the other hand all attempts to isolate the oxide of 
ammonium or its hydrate have been hitherto abortive. Liberated 
from one of the ammonium-coinpouiuls it splits at once into ammonia- 
gas and water, even at the common temperature. The impossibility 
of producing the oxide of ammonium has been always adduced as an 
argument agJiinst the ammonium-theory. 

This ditficulty disjippears entirely if wc examine the deportment 
of some of the compounds briefly descriot^d in the preceding part 
of this discourse. Ily again submitting triethylamine, that is am- 
monia containing thn'c equivalents of ethyl in tlie place of three 
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of hydrogen, to the action of iodide of ethyl, a beautiful crystalline 
compound is obtained, the composition of which is represented by 
the formula — 


( 



that is iodide of ammonium, in which the four hydrogen-equivalents 
are replaced by a corresix)nding number of eciuivalents of ethyl, or 
iodide of telrethylamnumium. If this compound be treated with 
freshly precipiUited oxide of silver, a decomposition takes place, 
whicli gives rise to the formation of iodide of silver, separating as 
a precipitate and of the hydrated ammonium-oxide, corresponding 
to the above-mentioned iodide or hydrated oxide of Utrcthylam- 
moninmf^ which remains in solution. The following ecpiatioii 
elucidates this change — 

N r + xigO + IK) = Agl + N jjHo,II() 

(e) |e| 

hxlide of tetre- llvdratcd oxide of 

thy lam luoui uin . tet retliy lammon i ii in . 

The solution of this compound oxide of amnioniuni may be 
evaptiratod to dryness witliout deconqHK'^ition ; a crystalline Mib- 
stance is tliu*' obtained of a most jiowerfully alkaline character, 
resembling in every respect hydrated potassa itself. A coiHicntrated 
solution of this substaiK'e not only burns the tongue, but acts upon 
the epidermis which itylestroys like jiotassa or soda. On rnlibing 
the solution between the lingers, tlie well-known soajiy sensation 
produced by the fixed alkalies under the same circumstanci^s is felt. 
Moreover the same peculiar (xlour is p(*re(*i\ed. Oxide of tetre- 
thylainiuonium saponifies the fats without difiieully ; beautiful soft 
soaps are thus obtained, jiossessing all the properties of ordinary 
])Ota$sa-soap. All the chemical Ofects prodnecxl by potassa or 
soda, are likewise prixluced by oxide of tetrelhy lammoninm ; and in 
its deportment with the salts of the metaN espeeially, the compound 
oxide of ammonium can scarcely be distinguished from the fixed 
caustic alkalies. 

• In three beakers, boiling solutions of iodide f>f letreth} lamraoiiium (I), 
of iodide of ammonium (2), and of iotlidc of p«Massiuin (.{j, were mixed With 
freshly precipitated oxide of silver. The beakers were then covered with 
reddened litmus paper and glass plates ; after a few moments thepaptT ooviriiig 
solution (2 ), was found to have l>ecome intensely blue, in consequence of the 
volatilized arnmonia-gas ; whilst the covering solutions (1 ) and (2 )did not 

exhibit the slightest alteration, the liberated oxides of tetretby laminonium ami 
of potassium not being volatile. On dippinn. however, reddened litmus paper 
into these two soUitirins, they wt-re found to bv [>o\Miriill> alkaline. 
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The formation of oxide of tetrethylammonium is certainly one 
of the most powerful j)rops which tlie ammonium-theory could have 
received, and since this support has been entirely and exclusively 
furnished by researclies jierformed within the domain of Organic 
Chemistry^ it must be admitted that the researches made in this de- 
partment of the science, and especially tlie elaboration of the com- 
pound derivatives of tlie type ammonia, begin to react most power- 
fully and beneficially upon the progress of Mineral Chemistry.* 

[A. W. H.] 


* At the conclusion of the discourse, the ainnioniuni-iunalgam was pre|.»arcd 
on a large scale by the action of potassium-amulgani niH>u a solution of chloride 
of ammonium. 



Friday, June 13. 


Sir Roderick I. Murchison, G.C.S. F.R.S. Vice-President, 
in the Chair. 

Professor Faraday, D.C.L. F.R.S. 

On M, Petitjean's process for Silvering Glass : some Observations 
on divided Gold, 

M. Petitjeas's process consists essentially in the preparation of 
a solution containing oxide of silver, ammonia, nitric, and tartaric 
acids, able to deposit metallic silver either at common or somewhat 
elevated temperatures ; and in the right application of this solution 
to glass, either in the form of plates or vessels. 1540 grains of 
nitrate of silver being treated w'ith 955 grains of strong solution 
of ammonia, and afterwards with 7700 gi*ains of water, yields a 
solution, to which when clear 170 grains of tartaric acid dissolved 
in 680 grains of water is to be added, and then 152 cubic inches 
more of water, with good agitation. When the liquid has settled, 
the clear part is to be [>uured oH'; 152 cubic inches of water to be 
added to the remaining solid matter, that as much may be disscdved 
as possible ; and the clear fluids to be put together and increased by 
the further addition of 61 cubic inches of water. This is TFic silver- 
ing solution, iS'o. 1 ; a second fluid, No. 2, is to be prepared in like 
manner, with this difference, that the tartaric acid is to be doubled 
in qaantity. The apparatus employed for the silvering of glass 
plate consists of a cast-iron table box, containing water within, and 
a set of gas-burners beneath to heat it : the up|>er surfiice of tlie 
table is planed and set truly horizontal by a level, and covered by 
a varnished cloth : heat is applied until the temperature is 140'’ Fah. 
The glass is well cleaned, first with a cloth ; after which a plug of 
cotton, dipped in the silvering fluid and a little polishing powder, 
is carefully passed over the surface to be silvered, and when this 
application is dry it is removed by another plug of cotton, and 
the plate obtained jierfectly clean. The glass is then laid on the 
table, a portion of the silvering fluid poured on to the surface, and 
this spread carefully over every part by a cylinder of india-rqbber 
stretched upon wood which has previously been cleaned and wetted 
with the solution ; in this manner a perfect wetting of the si^face 
is obtained, and all air bubbles, &c. are removed. Then more 
fluid is poured on to the glass until it is covered with a layer 
about the ,\^th of an inch in depth, which easily stands upon it ; 
and in that state its temperature is allowed to rise. In about 10 
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minutes or more silver begins to deposit on the glass, and in 15 or 
20 minutes a uniform opaque coat, having a greyish tint on the 
upper surface, is deposited. After a certain time the glass em- 
ployed in the illustration was pushed to the edge of the table, was 
tilted that the fluid might be poured off, was washed with water, 
and then was examined. The under surface presented a perfectly 
brilliant metallic plate of high reflective power, as high as any that 
silver can attain to ; and the coat of silver, though thin, was so 
strong as to sustain handling, and so firm as to bear polishing on 
the back to any degree, by rubbing with the hand and polishing 
powder. The usual course in practice, however, is, when the first 
stratum of fluid is exhausted, to remove it, and apply a layer of 
No. 2 solution ; and when that has been removed and the glass 
washed and dried, to cover the back surface with a protective coat 
of black varnish. When the form of the glass varies, simple 
expedients are employed ; and by their means either concave or 
convex, or corrugated surfaces are silvered, and bottles and vases 
are coated internally. It is easy to mend an injury in the silvering 
of a pla^e. and two or three cases of repair were performed on the 
table. 

The proposed advantages of the process are, — the production 
of a perfect reflecting surface ; the ability to repair ; the mercantile 
economy of the process (the silver in a square yard of surface 
is worth I 5 . Sd.) ; the certainty, simplicity, and quickness of the 
operation ; and, above all, the dismissal of the use of mercury. In 
theory the principles of the process justify the expectations, and in 
practice nothing as yet has occurred which is counter to them. 


With regard to the second part uf the evening's discourse, the 
speaker said he had been led by certain ooiisiderations to seek 
exj>erimentally for some eftect on the rays of light, b\ bodies 
which when in small quantities had strong peculiar action upon it, 
and which also could be divided into plates and parlivles so thin 
and minute as to come fiir within the dimensions of an undula- 
tion of light, w’hilst they still retained more or less of the power 
they had in mass ; and though he had as yet obtained but little new 
information, he considered it his duty, in some degree, to report 
progress to the JVIenibers of the Kt)yal Institution. 1 he vibrations 
of light arc, for the violet ray 59,570 in an inch, and for the red 
ray 37,640 in an inch ; it is the lateral portion of the vibration of 
the ether* which is by hypothesis supposed to aftect the eye, but 
the relation of number re^lain^ the same. Now a leaf of gold as 


• Analogous transverse vilmition may easily be obtained on the surface of 
water or other fluids, by the process described in the Philosophical Transac- 
tions for 1831, p. 336, &c. 
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supplied by the mechanician is only thickness, 

so that of these leaves might be placed in the space occupied by 
a single undulation of the red ray, and 5 in the space occupied by 
a violet undulation. Gold of this thickness and in this state is 
transparent, transmitting green light, whilst yellow light is reflected ; 
there is every reason to believe also that some is absorbed, as hap- 
pens with all ordinary bodies. When gold leaf is laid upon a layer 
of water on glass, the water may easily be removed, and solutions 
be substituted for it ; in this way a solution of chlorine, or of cya- 
nide of potassium, may be employed to thin tlio film of gold ; and 
as the latter dissolves the other metals present in the gold, (silver, 
for instance, which chlorine leaves as a chloride,) it gives a pure 
result ; and by washing away the cyanide, and draining and drying 
the last remains of water, the film is left attached to the glass : it 
may be experimented with, though in a state of extreme tenuity. 
Examined either by the electric lamp, or the solar spectrum, or the 
microscope, this film was apparently continuous in many parts where 
its thickness could not be a tenth or twentieth part of the original 
gold leaf In these parts gold appeared as a very transparent tliirig, 
reflecting yellow light and transmitting green and other rays ; it 
was so thin that it ])robably did not occupy more than a hundredth 
part of a \ibration of light, and yet tiiere was no peculiar cflbct 
produced. The rays of the spectrum were in succession sent through 
it ; a part of all of them was either stopped or turned back, but 
that which passed through was unchanged in its character, whether 
the gold plate was under ordinary circumstances, or in a very in- 
tense magnetic field of force. 

AVheii a solution of gold is placed in an atmosphere containing 
phosphorus vapour the gold is reduced, forming films that may be 
washed and placed on glass without destroying their state or condi- 
tion : tfiese vary from extreme thinness to the thickness of gold 
leaf or more, and have various degrees of reflective and transmissive 
power ; they are of great variety of colour, from grey to green, but 
they are like the gold leaves in that they do not change the rays of 
light. 

When gold wires are deflagrated by the Leyden discharge upon 
glass plates, extreme division into particles is effected, and deposits 
are produced, appearing, by transmitted light, of many varieties of 
colour, amongst which are ruby, violet, purple, green, and grey 
tints. By heat many of these are changed so as to transmit cbiefly 
ruby tints, retaining always the reflective character of gold. None 
of them affect any particular ray selected from the solar spectrum, 
so as to change its cliaracter, otherwise than by reflection,^ and 
absorption ; what is transmitted still remains the same ray. ^hen 
gold leaf is heated on glass the heat causes its retraction and run- 
ning together. To common observation the gold leaf disappears, 
and but little light is then reflected or stopped : but if pressure 
by a polished agate convex surface be applied to the gold in such 
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places, reflective power reappears to a greater or smaller degree, 
and green light is again transmitted. When the gold films by phos- 
phorus have been properly heated, pressure has the same effect 
with them. 

If a piece of clean phosphorus be placed beneath a weak gold 
solution, and especially if the phosphorus be a clear thick film, 
obtained by the evaporation of a solution of that substance in sul- 
phide of carbon, in the course of a few hours the solution becomes 
coloured of a ruby tint ; and the effect goes on increasing, sometimes 
for two or three days. At times the liquid appears clear, at other 
times turbid. As far os Mr. F'araday has proceeded, he believes this 
fluid to be a mixture of a colourless transparent liquid, with fine par- 
ticles of gold. 15y transmitted light, it is of a fine ruby tint ; by reflect- 
ed light, it lias more or less of a brown yellow colour. That it is 
merely a diffusion of fine particles is shown by two results ; the first 
is, that the fluid being left long enough the jiarticles settle to the 
bottom : the second is, that wliilst it is coloured or turbid, if a cone 
of the sun’s rays (or that from a lamp or candle in a dark room) be 
thrown across the fluid by a lens, the particles are illuminated, 
reflect light, and become visible, not as independent particles, 

but as a cloud. Sometimes a liejnid which has deposited much of its 
gold, remains of a faint ruby tint, and to tlie ordinary observation, 
transparent ; but when illuminated by a cone of rays the suspended 
particles show their presence by the opaleseence, wliich is the result 
of their united action. The settling particles, if in a flask, appear 
at the bottom, like a lens of decqi coloured fluid, opaque at the mid- 
dle, but deep ruby at the edges ; when agitated they may be again 
diftused through the liquid. These particles tend to aggregate into 
larger particles, and produce other effects of colour. It is found 
that boiling gives a certain degree of permanence to the ruby state. 
Many saline and other substances affect this ruby fluid : thus, a few 
drops of solution of common salt being added, the whole gradually 
becomes of a violet colour ; still the particles are only in suspension, 
and when illuminated by a lens are a golden yellow by reflected 
light : they separate now much more rapidly and perfectly by 
deposition from the fluid than before. Some specimens, however, 
of the fluid, of a weak purple or violet colon’*, remain for months 
without any appearance of settling, so that the particles must be 
exceedingly divided ; still the rays of tlie sun or even of a candle 
in a dark room, when collected by a lens, will manifest their 
presence. The highest powers of the microscope have not as yet 
rendered visible either the ruby or the violet particles in any of 
these fluids. 

Glass is occasionally coloured of a ruby tint by gold ; such 
glass, when examined by a ray of light and n lens, gives the opalescent 
effect described above, which indicates the existence of separate par- 
ticles ; at least such has been the case wdth all the specimens Mr. 
Faraday has examined. It becomes a question whether the con- 
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stitution of the glass and tlie ruby fluids described is not, as regards 
colour, alike. At present, he believes they are ; but whether the 
gold is in the state of pure metal, or of a compound, he has yet to 
decide. It would be a point of considerable optical importance if 
they should prove to be metallic gold ; from the effects presented 
when gold wires are deflagrated by the Leyden discharge over glass, 
quartz, mica, and vellum, and the deposits subjected to heat, pres** 
sure, &c., he inclines to believe they are pure metal. 

[M. F.] 



Friday, February 6. 


Sir Benjamin Collins Brodie, Bart. D.C.L. F.R.S. 

Yice-Prebident, in the Chair. 

John Hall Gladstone, Ph.D. F.R.S. M.R.I. 

On Chromatic Phenomena exhibited by Transmith:d Light. 

The origin of colour was first illustrated by some elementary 
remarks uad experiments. It was laid down as a fundamental 
principle, that the colour of an object depends on its reflecting or 
transmitting those rays of light which are capable of producing the 
sensation of the said colour. The objection that a rose is red not 
only when viewed by red light, but when seen in colourless day- 
light, was answered by showing that a beam of colourless light from 
the electric lamp really consisted of very many coloured rays, and 
was resolvable by a prism into a red, orange, yellow, green, blue, 
indigo, and violet light. This, when received on a white screen, 
showed a brilliantly coloured spectnim, and brightly tinted objects 
appeared of their ordinary hue only when illuminated by the ray 
of the same colour. It was explained that the electric light closely 
resembles that of the sun, but that the light of the great luminary 
is deficient in certain rays, so that a prismatic spectrum formed by 
daylight is traversed by very thin dark lines, which have been 
mapped and designated A, B, C, D, &c. Most artificial lights 
contain certain coloured rays in excess, hence objects illuminated 
by them exhibit that colour more prominently than by daylight. 
The soda flame, for instance, consists almost wholly of certain 
yellow rays which are wanting in the sun’s light, coinciding in 
refrangibility (as Mr. Crookes has shown) with the dark line D ; 
hence red or blue objects illuminated by it appear black, and 
nothing is reflected from those which do appear luminous excepting 
a ghastly yellow. 

Leaving reflected, and turning to transmitted light, it was seen 
that pieces of coloured glass, interposed in the beam of light from 
the electric lamp, stopped certain rays, \’vhile they allowed others 
to pass through ; thus a red glass cut off all the blue end of the 
spectrum, while a smalt-blue glass divided the red end into several 
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laminous bands alternating with dark spaces. The same was true 
of coloured liquids, a solution of sulphate of indigo absorbing the 
orange and yellow rays, and giving a spectrum consisting of a red 
ray separated by a broad black space from the green, blue, and 
violet. An oxy-hydrogen liine^light, covered successively by red, 
yellow, and blue bell-glasses, produced the same effect on the 
colour^ diagrams and other objects around, as if the source of light 
had been alternately red, yellow, and blue ; and the opacity of 
these glasses to certain rays, and their transparency to others, was 
further illustrated by burning spirit lamps, the wicks of which 
had been previously sprinkled with salt, under yellow and blue 
bell-glasses. • The yellow glass appeared perfectly transparent to 
the light which it covered, but the blue did not suffer the least 
yellow to pass ; indeed, the soda-flame under it seemed of a pale 
violet tipped with green. It was explained that cobalt (to which 
the colour of the blue glass is owing) absorbs all those rays which 
are about the dark line D of the spectrum, although it suffers those 
a little less or a little more refrangible to pass freely ; hence a con- 
siderable portion of the yellow light of the sun will penetrate such 
blue glass, but the yellow of the soda-flame is absolutely stopped. 
As a converse experiment, sulphuret of carbon lamps were ignited 
under the yellow and blue glasses ; when the blue cover appeared 
almost transparent and colourless, while the yellow was opaque to 
the blue light, transmitting orily some greenish rays. 

If white light be transmitted through two or more media suc- 
cessively, each of which has a diflerent absorbing effc('t u]>on it, 
very unexpected results may be frequently obtained. This is true 
of combinations of coloured glasses, or of coloured liquids.^ A red 
solution of raeconate of iron, for instance, appears black when seen 
through the blue soluti9n of an aramoniacal co))pcr salt. If a vessel, 
filled with the blue alcoholic solution of a cobalt salt, be immersed 
in a pale yellow solution of chromic acid, it appears to contain a 
deep red liquid. Green intrate of chromium also becomes red, 
when looked at through the same yellow solution. Similarly when 
two coloured compounds are mixed together, which are incapable 
of entering into chemical combination, an unexpected colour will 
frequently result ; thus, on adding a little blue sulphindigotate of 
potash to a solution of yellow chromate of potash, the result was 
green, but on adding a larger amount of the blue salt it changed to 
red. There was here no chemical change ; yet how naturally might 
a chemist have received the unlooked-for colour as evidence of a 
new compound ! 

This exi>eriment intrwluced the subject of dichromatism. ' A 
thin stratum of even a highly coloured liquid is almost destitutib of 
colour ; thus the bubbles formed on shaking acetate of irons, or 
more familiarly, port-wine, or porter, appear white. That the 
colour of a solution changes in intensity, becoming paler w^hen 
diluted, and dee^per when concentrated, is known to alb This is 
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the general rule ; yet a solution of yellow chromate of potash 
appeared scarcely any paler when diluted with perhaps twenty times 
its bulk of water. Sometimes also a complete change of colour 
takes place ; thus acetate of chromium, which was red, became 
green when considerably diluted with pure water : a few drops of 
cochineal, stirred up in a tall champagne glass filled with water, 
impajted a red tint to the upper wide portion, and a lavender tint 
to the lower and narrow portion. A neutral solution of litmus is 
blue, alkalies render this (as is well known) still more blue, boracic 
or carbonic acid changes it to a wine red, and other acids to a 
bright red : yet slightly acid litmus was exhibited of a pale purple 
hue, and alkaline litmus of a deep red colour. All these phenomena 
were stated to be dependent, not on any chemical actioti exerted by 
the water, but on the quantity of the colouring substance traversed 
by the light in its passage to the eye ; the same solution appearing 
of different colours according to the thickness seen through, and a 
deep stratum of a dilute liquid having the same tint as a shallow 
stratum of the same liquid when strong. The speaker added, that 
this phenomenon had been fully described and explained by Sir John 
llerschtd; who termed it Dichromatism, but that fresh instances of 
it were being constantly observed ; indeed, after investigating some 
cases of it last summer, he had, during a tour on the continent, 
noticed a fruit sauce which constantly appeared at the hotel dinners 
in Bavaria and other parts of Germany, and was beautifully di- 
cliromatic, red and blue, with every intervening shade of purple. 
By this character he had traced its composition, and found the 
colour was due to the deep red cherries which w'ere very abundant 
at that season. He had noticed the phenomenon likewise in some 
specimens of the ordinary wine, in essence of lavender, in the syrup 
of green-gage tart, as well as in some pure chemical substances, 
such as red prussiate of potash, raeconate of iron, purple comena- 
iiiate of iron, citrate of iron, sulphindigotic acid, and permanganate 
of potash. 

The prism reveals the origin of all these chromatic phenomena. 
It shows that the different rays of the spectrum are capable of 
penetrating different distances into a coloured medium. Thus, if 
port wine be placed in a wedge-shaped glass vessel, and this inter- 
posed in the refracted rays in such a position that each coloured 
ray can fall upon the different thicknesses of the liquid, it will be 
found that all the rays of the spectrum can penetrate a thin 
stratum, but that as the liquid increases in depth all are absorbed 
except the least refrangible red. Hence the thin film of a bubble 
of port is colourless. If yellow chromate of potash be examined in 
a similar manner, it is found to cut off the blue and violet rays at 
once, and to transmit the less refrangible half of the spectrum with 
equal freeness whether the stratum be th'm or thick. Hence it is 
that dilution scarcely diminishes the colour of this dissolved salt. 
If a wedge of cobait-blue glass (which is dichromatic) be inter- 
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posed across the spectrum, either of the sun, or of the electric light, 
a remarkable configuration is observed, which shows that the 
luminous bands of orange-red, of pale green, of orange, of yellow, 
of blue, and of violet, are absorl^ at different distances in the 
order above given, while the extreme red penetrates any thickness 
with almost undiminished brightness. Acetate of chromium, placed 
in a hollow glass wedge, was seen to transmit the red, orange, green, 
blue, and violet rays through a thin stratum ; yellow was absorbed 
at once, violet very quickly, while the 
maxima of luminosity were in the extreme 
red, and about the junction of green and 
blue, which in the solar spectrum is mark- 
ed by the dark line F. These blue and 
green rays, however, which are transmitted 
ill such quantity at first that the solution 
appears green to the unaided eye, are 
gradually absorbed, while the red ray con- 
tinues to penetrate the dense solution, 
which of course assumes a red colour. A 
solution of litmus was seen to transmit the 
red, green, and blue rays freely, the maxi- 
mum of absorption taking place between 
the fixed lines C and D of the solar 
spectrum : the addition of an alkali made little alteration beyond 
facilitating the transmission of the blue ray ; while an acid dimi- 
nished though it did not entirely retard it, causing the admission at 
the same time of the .orange ray, and shifting the maximum of 
absorption to between b and F. As the red ray passes apparently 
unchanged through a great thickness of any of these solutions, 
neutral, alkaline, and acid litmus, all appear red if seen in sufficient 
quantity ; indeed, paradoxical as it may sound, alkaline litmus is 
then of. a purer red than acid litmus, since 
the latter transmits some orange light as 
well. The various appearances of the pris- 
matic spectrum, as seen through these 
liquids in wedge-shaped vessels may be 
easily copied by a draughtsman ; and, in 
fact, coloured diagrams were displayed, 
representing the prismatic images given by 
most of the above-mentioned substances. 

Some of these presented very characteristic 
forms : thus, cochineal sliowed two maxima 
of transmissibility, about B and G, pene- 
trating far into the liquid, and two others 
in the green spaoe, which, however, were Cochineal. 

speedily absorbed. Tincture of lavender, ^ 

too, gave a spectrum marked by absorption bands, which seetned 
to coincide with the lines 6, F, and G of the solar spectrum, though 
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broader than these : the violet and green were more quickly ab- 
sorbed than the blue rays, and these more quickly than the orange 
and red. The speaker observed, that all 
the solutions of chromium salts which he 
had examined, whether green, blue, or red, 
gave a prismatic image of the same form, 

— that described above, — the only percepti- 
ble difference being in the relative lumin- 
osity of the different colours : thus, on ex- 
amining the green and blue modifications 
of nitrate of chromium in solutions of the 
same strength, the green in the first case 
appeared brighter than the blue, and pene- 
trated to a somewhat greater distance, while ! 
in the second case it was the blue that had I 



the advantage in luminosity ; but the general Lavender. 

configuration of the prismatic image was 

identical in the two modifications so different in appearance to the 
unaided eye. This was not the only instance in which the prism had 
reveal wider application to the general rule, that a particular base 
or acid has the same, or very nearly the same effect, upon the rays of 
light, with whatever it may be combined. When two colouring sub- 
stances combine, each continues to exert its proper influence on the 
various rays ; thus, acid chromate of copper is yellowish green, 
because the chromic acid absorbs the blue and violet rays, and the 
copper the red ray, and thus orange, yellow, and green are alone 
transmitted. The diagrams also explained the production of first 
green, and afterwards red, on the admixture of sulphindigotate and 



Sulphindigotate of Potash. Chromate of Potash. 


chromate of potash. Sulphindigotic acid and its salts admit the 
extreme red freely, but absorb the orange at once, the yellow very 
speedily, the green not so soon, and admit the blue and violet to 
a considerable distance : these last, however, are completely absorbed 
by chromic acid and the chromates ; thus, a little red and much 
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green pass through a thin stratum of the mixed salts, while red alone 
is transmitted by a thick stratum. 

Sir David Brewster observed that some coloured media caused 
a ray of a certain angle of refraction to appear of a different colour 
to that which it exhibited in the normal spectrum ; and, mainly on 
these observations, he founded his remarkable theory that tlie pris- 
matic spectrum consists of three superimposed spectra of the same 
length, one red, another yellow, and the third blue, which are 
coincident in position, but have their maxima of luminosity at. 
different places. Some eminent philosophers of our own and other 
lands have denied not merely the conclusions, but even the obser- 
vations of Brewster. Dr. Gladstone, however, could add his fullest 
testimony to the truth of the statement, that absorbent media fre- 
quently produce an apparent change of colour in a transmitted ray ; 
and that not merely when a slit in the window- shutter is viewed by 
a prism through die interposed medium, but also when the altered 
prismatic spectrum is thrown upon a wliite screen. He had tried 
the latter experiment by means of light derived from the sun, from 
the electric lamp of the Royal Institution, and from the oxy-gas 
lime lamp of Mr. Ilighley, with the kind assistance of that gentle- 
man, and always with a similar result. The large bell-glasses used 
during this discourse had been originally employed by Dr. Gladstone 
for experiments on the growth of plants, and he had then carefully 
examined the light transmitted through them. Through tlie blue 
glass he saw first a band of pure red light, then a dark space, then 
another luminous band whicli appeared to him like no colour of the 
spectrum, rather russet perhaps; his assistant called it “dirty 
chocolate ; ” a lady, who happened to come into the laboratory, 
unhesitatingly pronounced it orange ; ’’ he wjxs struck with this, 
as it certainly corresponded in position with the orange ray, 
though he did not know at that time, what has been frequently 
observ^ed, that women are generally far more accurate in their 
appreciation of colours than men are. Accordingly he described 
the luminous band in his note-book as “orange, very bright, but 
unlike normal colour.'* Subsequently, he had found that Brewster 
called this second red ray in smalt blue glass “ orange red ; ” but 
Ilerschel pronounced it “pure red;" while Helmholtz, isolating 
it from surrounding light, resolved it into its proper orange. 
Quite recently, on examining the prismatic spectrum thrown on a 
screen after traversing the same kind of glass, one scientific friend 
had called the second luminous ray “green,” and another had 
designated it brown,” though on reconsideration each inde|>en- 
dently thought it had rather a reddish tint. 

Thus Brewster’s observation that a ray after transmission through 
certain absorbent media appears of a different colour to what iti did 
before, is a truth. Yet the very fact that this colour seems so dif- 
ferent to different eyes, and indeed to the same eye at different tiines, 
indicates that the phenomenon has a subjective rather than an ob- 
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jective origin. DifRculties of another character have also been 
urged against Brewster’s deduction, by- Helmholtz and others, and 
may be drawn from Maxwell’s experiments. It is certain that 
changes in the apparent colour of a particular ray may arise from 
other causes than the absorption of one kind of light, while another 
kind having the same angle of refraction is transmitted. Of these 
may be enumerated ; — First, an actual change of refrangibility, as 
in the cases of “ fluorescence,” so fully investigated by Professor 
Stokes. Secondly, a difference in the impression on the sense, arising 
from change of intensity. Thus blue, if very luminous, inclines to 
white, if faintly luminous to violet ; and so the fore-mentioned note- 
book designates tha faint rays about F that were transmitted by the 
red bell-glass, “ li’ac,” and the speaker had observed the blue in the 
prismatic spectra given by ammonio-sulphate of nickel, and by 
tincture of laveiider, gradually shading off into violet as the light 
{)assed through deeper strata of liquid. The yellow of the solar 
spectrum appears to occupy a considerable space, if the sun be 
bright, but if diffuse daylight be examined, that space appears 
orange and green, while the yellow is perhaps confined to a very 
luminous line a little beyond D. It is not to be wondered at there- 
fore that the green in the spectra of port wine and of citrate of 
iron, appears to invade the space usually occupied by the yellow, 
and the orange yellow. Yet in such cases the impression on differ- 
ent eyes may be very different ; thus, in rehearsing the experiments 
with the electric light at the Royal Institution, Dr. Gladstone had 
seen the bright space beyond D transmitted by blue glass of a 
decidwlly green tint ; but Mr. Anderson had unhesitatingly called 
it yellow, its proper colour. This difference of sensation, arising 
from difference of intensity, was illustrated by the ‘‘ Cercles chro- 
matiques ” of M. Chevreul, the first of which represents the bright 
colours of the spectrum, in which that called “ Jaune ” is certainly 
a beautiful yellow ; but tlie succeeding circles represent the same, 
reduced by the admixture of various percentages of black, and 
in them the Jaune" becomes green^ and so likewise does the 
“ Orange" where a very large proportion of black has been added. 
A revolving disk, coloured black, on which had bt^en fastened a 
segment of bright yellow paper, appeared uniformly green when 
set in rapid motion. Again, on one of Maxwell’s colour tops was 
fixed an outer circle of red, and an inner one, partly black and 
jtartly orange ; when the top was spun the inner circle appeared 
green. Thirdly, contrast will frequently change the apparent 
colour of a particular ray. The result in the last experiment 
was partially due to this cause, the outer circle of bright red 
facilitating the sensation of its complementary colour green. Thus 
the dim light between D and E in the spectrum of ammonio- 
sulphate of nickel, with bright orange on one side and green on 
the other, assumes a very indefinite tint. The very remarkable 
prismatic image given by a solution of permanganate of potash in 
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the wedge^haped vessel was exhibited, and it was seen that the 
orange band became very faint when the solution was deep, and in 
contrast with the neighbouring brilliant red appeared sometimes 
ffreen, but more generally violet. Much, in this case also, was 
found to depend on the eye of the observer; but that a violet 
sensation might be produced from orange under such circumstances 
bad been proved by the speaker, who in repeating one of Dr. 
Tyndairs experiments — that of looking at the daylight through a 
glass on which a vermilion wafer was fastened — had frequently 
seen the wafer assume a violet tint. He believed that these three 
causes were sufficient to account for all the apparent changes of 
colour produced in a ray by absorbent media. 

[J. H. G.] 



Friday, February 27. 


iJ.R.lT. riiiNCE Albert, K.G. D.C.L. F.R.S. Vice-Patron, 
in the Chair. 

Professor Faraday, D.C.L. F.Ii.S. 

On the Conservation of Force. 

Variols circumstances induce me at the present moment, to put 
forth a consideration regarding the conservation of force. I do not 
suppose that I can utter any truth respecting it, that has not 
already presented itself to the high and ])iercing intellects which 
move within the exalted regions of science ; but the course of my 
own investigations and views makes me think, that the consider- 
ation may. be of service to those persevering labourers (amongst 
whom 1 endeavour to class myself), who, occupied in the comparison 
of physical ideas wdtli fundamental princijdes, and continually sus- 
taining and aiding themselves by t'xperiment and observation, 
delight to labour for the advance of natural knowledge, and strive 
to follow it into undiscovered regions. 

There is no question which lies closer to the root of all physical 
knowledge, tlian tliiit which inquires whether force can be destroyed 
or not. The progress of the strict science of modern times has 
tended more and more to produce the conviction that “ force can 
neither be cr(‘ated nor destroyed;” and to render daily more 
manifest the value of the knowledge of that truth in experimental 
research. To admit, indeed, that force may be destructible or can 
altogether disappear, would be to admit that matter could be un- 
created ; for we know mat ter only by its forces: and though one 
of these is most commonly referred to, namely gravity, to prove its 
ju’eseiice, it is not because gravity lias any pretension, or any 
exemption, amongst the forms of force as regards the principle 
of conservation I but simply that being, as far as we perceive, incon- 
vertible in its nature and unchangeable in its manifestation, it offers 
an unchanging test of the matter which we recognize by it. 

Agreeing with tliose who admit the conservation of force to be 
a principle in physics, as large and sure as that of the indestructi- 
bility of matter, or the invariability of gravity, I think that no par- 
ticular idea of force has a right to unlimited or unqualified 
acceptance, that does not include assent to it ; and also, to definite 
amount and definite disposition of the force, either in one effect or 
another, for these are necessary consequences : therefore, I urge, 
that the conservation of force ought to be admitted as a physical 
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principle in all our liypotheses, whether partial or general, regard- 
ing the actions of matter. I have had doubts in my own mind 
whether the considerations I am about to advance are not rather 
metaphysical than physical. I am unable to define what is 
metaphysical in physical science ; and am exceedingly adverse to the 
easy and unconsidered admission of one supposition upon another, 
suggested as they often are by very imperfect induction from a 
small number of facts, or by a very imperfect observation of the 
facts themselves : but, on tie other hand, I think the philosopher 
may be bold in his application of principles which have been 
developed by close inquiry, have stood through much investiga- 
tion, and continually increase in force. For instance, time is 
growing up daily into importance as an element in the exercise of 
force. The earth moves in its orbit in time ; the crust of the 
earth moves in time ; light moves in time ; an electro-magnet 
requires time for its charge by an electric current ; to inquire, 
therefore, whether power, acting either at sensible or insensible 
distances, always acts in limey is not to be metaphysical ; if it acts 
in time and across space, it must act by physical lines of force ; and 
our view of the nature of the force may be aflected to the extremest 
degree by the conclusions, which experiment and observation on 
time may supply : being, perhaps, finally determinable only by them. 
To inquire after the possible time in which gravitating, magnetic, 
or electric force is exerted, is no more metaphysical than to mark 
the times of the hands of a clock in their progress ; or that of the 
temple of Serapis in its ascents and descents ; or the periods of the 
occultations of Jupiter’s satellites ; or that in which the light from 
them comes to the earth. Again, in some of the ktioWft cases of 
action in time, something happens whilst the time is passing which 
did not happen befijre, and does not continue after : it is, there- 
fore, not metaphysical to expect an effect in every case, or to 
endeavour to discover its existence and determine its nature. So 
in regard to the principle of the conservation of force ; I do not 
think that to admit it, and its consequences, whatever they may be, 
is to be metaphysical : on the contrar)^, if that word have any 
application to physics, then I think that any hypothesis, whether of 
heat, or electricity, or gravitation, or any other form of force, 
which either wittingly or unwittingly dispenses with the principle 
of conservation, is more liable to the charge, than those wliich, by 
including it, become so far more strict and precise. 

Supposing that the tnith of the principle of the conserva- 
tion of force is assented to, I come to its uses. !No hypothesis 
should be admitted nor any assertion of a fact credited that 
denies the principle. No view should be inconsistent or inco^npati- 
ble with it. Many of our liypothcscs in the present stite of 
science may not comprehend it, and may be unable to suggest its 
consequences ; but none should oppose or contradict it. 

If the principle be admitted, we perceive at once, that a theory 
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or definition, though it may not contradict the principle cannot be 
accepted as sufficient or complete unless the former be contained 
in it ; that however well or perfectly the definition may include 
and represent the state of things commonly considered under it, 
that state or result is only partial, and must not be accepted as 
exhausting the power or being the full equivalent, and therefore 
cannot be considered as representing its whole nature; that, 
indeed, it may express only a very small part of the whole, only a 
residual phenomenon, and hence give us but little indication of the 
full natural truth. Allowing the principle its force, we ought, in 
every hypothesis, either to account for its consequences by saying 
wliat the changes are when force of a given kind apparently dis- 
appears, as when ice thaws, or else should leave space for the idea of 
tlie conversion. If any hypothesis, more or less trustworthy on other 
accounts, is insufficient in expressing it or incompatible with it, the 
[dace of deficiency or opposition should be marked as the most 
important for examination ; for there lies the hope of a discovery of 
new laws or a new condition of force. The deficiency should never 
be accepted as satisfactory, but be remembered and used as a 
stimulant* tf further inquiry ; for conversions of force may here be 
hoped for. Suppositions may be accepted for the time, provided 
tliey are not in contradiction with the principle. Even an increased 
or diminished capacity is better than nothing at all ; because such 
a supposition, if made, must be consistent with the nature of the 
original hypothesis, and may, therefore, by the application of 
experiment, be converted into a further test of probable truth. 
The case of a force simply removed or suspended, without a trans- 
ferred exertion in some other direction, appears to me to be 
absolutely impossible. 

If the principle be accepted as true, we have a right to pursue it 
to its consequences, no matter what they may be. It is, indeed, a 
duty to do so. A theory may be perfection, as far as it goes, but 
a consideration going beyond it, is not for that reason to he shut 
out. We might as well accept our limited horizon as the limits of 
the world. No magnitude, either of the plienomena or of the 
results to be dealt with, should stop our exertions to ascertain, by 
the use of the principle, that something remains to be discovered, 
and to trace in what direction that discovery may lie. 

1 will endeavour to illustrate some of tlie points which have 
been urged, by reference, in the first instance, to a case of power, 
which has long had great attractions for me, because of its extreme 
simplicity, its promising nature, its universal presence, and its 
invariability under like circumstances ; on which, though I have 
experimented* and as yet failed, I think experiment would be well 
bestowed : I mean the force of gravitation. I believe I represent 
the received idea of the gravitating force aright, in saying, that it is 
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a simple attractive force exerted betiveen any two or all the particles 
or ynasses of matter^ at every sensible distance^ but with a strength 
varying inversely as the square of the distance. The usual idea of 
the force implies direct action at a distance ; and such a view 
appears to present little difficulty except to IS ewton, and a few, in- 
cluding myself, who in that respect, may be of like mind with him. ♦ 
This idea of gravity appears to me to ignore entirely the princi- 
ple of the conservation of force ; and by the terms of its dchnition, 
if taken in an absolute sense “ varying inversely as the square of 
the distance ” to be in direct opposition to it ; and it becomes my 
duty, now, to point out where this contradiction occurs, and to use 
it in illustration of the principle of conservation. Assume two 
particles of matter A and B, in free space, and a force in each or in 
both by which they gravitate towanls each other, the force being 
unalterable for an unchanging distance, but varying inversely as the 
square of the distance when the latter varies. Then, at the distance 
of 10 the force may be estimated as 1 ; whilst at the distance of 1, 
i,e, one-tenth of the former, the force will be 100: and if we sup- 
pose an elastic spring to be introduced between the two as a 
measure of the attractive force, the power compressing it will be 
a hundred times as much in the latter case as in the former. 
But from whence can this enormous increase of the power come ? 
If we say that it is the character of this force, and content ourselves 
with that as a sufficient answer, then it appears to me, we admit a 
creation of power, and that to an enormous amount ; yet by a 
change of condition, so small and simple, as to fail in leading the 
least instructed mind to think that it can be a sufficient cause : — we 
should admit a result which would equal the highest act our minds 
can appreciate of the working of infinite j) 0 wer upon matter ; we 
should let loose the highest law in physical science which our 
fa<5ulties permit us to perceive, namely, the conservation of force. 
Suppose the two particles A and B removed back to the greater 
distance of 10, then the force of attraction would be only a 
hundredth part of that they previously possessed ; this, according 
to the statement that the force varies inversely as the square of the 
distance would double the strangeness of the above results ; it 
would be an annihilatim of force ; an effect equal in its infinity 
and its consequences with creation^ and only within the power of 
Him who has created. 

We have a right to view gravitation under every form that 
either its definition or its effects can suggest to the mind ; it is our 
privilege to do so with every force in nature ; and it is onljr by so 
doing, that we have succeeded, to a large extent, in relating the 
various forms of power, so as to derive one from another, and 
thereby obtain confirmatory evidence of the great principle of the 
conservation of force, I'heii let us consider the two particle^ A and 
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B 8S attracting each other by the force of gravitation, under 
another view. According to the definition, the force depends upon 
both particles, and if the particle A or B were by itself, it could not 
gravitate, i.e. it could have no attraction, no force of gravity. Sup- 
posing A to exist in that isolated state and without gravitating 
force, and then B placed in relation to it, gravitation comes on, as is 
supposed, on the part of both. Now, without trying to imagine 
how B, which had no gravitating force, can raise up gravitating 
force in A ; and how A, equally without force beforehand can 
raise up force in B, still, to imagine it as a fact done, is to admit a 
creation of force in both particles ; and so to bring ourselves within 
the impossible consequences which have already been referred to. 

It may be said we cannot have an idea of one particle by itself, 
and so the reasoning fails. For my part I can comprehend a 
particle by itself just as easily as many particles ; and though I 
cannot conceive the relation of a lone particle to gravitation, 
according to the limited view which is at present taken of that 
force, 1 can conceive its relation to something which causes gravi- 
tation, and with which, whether the particle is alone, or one of a 
univereie of other particles, it is always related. But the reasoning 
upon a lone particle does not fail ; for as the particles can be sepa- 
rated, we can easily conceive of the particle B being removed to an 
infinite distance from A, and then the power in A will be infinitely 
diminished. Such removal of B will be as if it were annihilated 
in regard to A, and the force in A will be annihilated at the same 
time : so that the case of a lone particle and that where different 
distances only are considered become one, being identical with each 
otlier in their consequences. And as removal of B to an infinite 
distance is as regards A annihilation of B, so removal to the smallest 
degree is, in principle, 4he same thing with displacement through 
infinite space : the smallest increase in distance involves annihilation 
of power ; the annihilation of the second particle, so as to have A 
alone, involves no other consequence in relation to gravity ; there 
is difference in degree, but no difference in the character of the 
result. 

It seems hardly necessary to observe, that the same line of 
thought grows u}) in the mind if we consider the mutual gravitating 
actioji of one particle and many. The particle A will attract the 
particle B at the distance of a mile with a certain degree of force ; 
it will attract a particle C at the same distance of a mile with a 
power equal to that by which it attracts B ; if myriads of like 
particles be placed at the given distance of a mile, A will attract 
each with equal force ; and if other particles be accumulated round 
it, within and without the sphere of two miles diameter, it will 
attract them all with a force varying inversely with the square of 
the distance. How are we to conceive of this force growing up in 
A to a million fold or more ? and if the surrounding particles be 
then removed, of its diminution in an equal degree ? Or, how are 
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we to look upon the power raised up in all these outer particles by 
the action of A on them, or by their action one on another, without 
admitting, according to the limited definition of gravitation, the 
facile generation and annihilation of force ? 

The assumption which we make for the time with regard to the 
nature of a power (as gravity, heat, cfcc.), and the form of words in 
which we express it, i.e« its definition, should be consistent with the 
fundamental principles of force generally. The conservation of 
force is a fundamental principle ; hence the assumption with regard 
to a particular form of force, ought to imply what becomes of the 
force when its action is increased or diminished, or its direction 
changed ; or else the assumption should admit that it is deficient on 
that point, being only half competent to represent the force; and, 
in any case, should not be opposed to the principle of conservation. 
The usual definition of gravity as an attracthe force between the 
particles of matter vakying inversely as the square of the distance, 
whilst it stands as a full definition of the power, is inconsistent 
with the principle of the conservation of force. If we accept the 
principle, such a definition must be an imperfect account of the 
whole of the force, and is probably only a description of one exer- 
cise of that power, whatever the nature of the force itself may be. 
If the definition be accepted as tacitly including the conservation 
of force, then it ought to admit, that consequences must occur 
during the suspended or diminished degree of its power as gravita- 
tion, equal in importance to the power suspended or hidden ; being 
in fact equivalent to that diminution. It ought also to admit, that 
it is incompetent to suggest or deal with any of the cor^gjjquences of 
that changed part or condition of the force, and cannot tell whether 
they depend on, or are related to, conditions external or internal to 
the gravitating parficle ; and, as it appears to me, can siiy neither 
yes nor no to any of the arguments or probabilities belonging to 
the subject. 

If the definition denies the occurrence of such contingent results, 
it seems to me to be unphilosophical ; if it simply ignores them, I 
think it is imperfect and insufficient ; if it admits these things, or 
any part of them, then it prepares the natural philosopher to look 
for effects and conditions as yet unknown, and is open to any degree 
of development of the consequences and relations of power ; by 
denying, it opposes a dogmatic barrier to improvement ; by ignoring, 
it b^omes in many respects an inert thing, often much in the way ; 
by admitting, it rises to the dignity of a stimulus to investigfition, a 
pilot to human science. 

The principle of the conservation of force would lead us to 
assume, tliat when A and B attract each other less because of in- 
creasing distance, then some other exertion of power, either within 
or without them, is proportionately growing up ; and again, that 
when their distance is diminished, as from 10 to 1, the power of 
attraction, now increased a hundred-fold, has been produced out of 
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some other form of power which has been equivalently reduced. 
This enlarged assumption of the nature of gravity is not more 
metaphysical than the half assumption ; and is, I believe, more 
philosophical, and more in accordance with all physical considera- 
tions. The half assumption is, in my view of the matter, more 
dogmatic and irrational than the whole, because it leaves it to be 
understood, that power can be created and destroyed almost at 
pleasure. 

AVhen the equivalents of the various forms of force, as far as 
they are known, are considered, their differences appear very great ; 
thus, a grain of water is known to have electric relations equivalent 
to a very jwwerful flash of lightning. It may therefore be supposed 
that a very large apparent amount of the force causing the pheno- 
mena of gravitation, may be the equivalent of a very small change 
in some unknown condition of the bodies, whose attraction is 
varying by cliange of distance- For my own part, many consider- 
ations urge my mind toward the idea of a cause of gravity, which 
is not resident in the particles of matter merely, but constantly in 
them, and all space. I have already put forth consid<;fations re- 
garding gravity which partake of this idea,* and it seems to have 
been unhesitatingly accepted by Newton. f 

There is one wonderful condition of matter, perhaps its only 
true indication, namely inertia; but in relation to the ordinary 
definition of gravity, it only adds to the difficulty. For if we con- 
sider two particles of matter at a certain distance apart, attracting 
each other under the ])ower of gravity and free to approach, they 
will approach ; and when at only half the distance each will have had 
stored up in it, because of its inertia^ a certain amount of mechani- 
cal force. This must be due to the force exerted, and, if the con- 
servation principle be true, must have consumed an equivalent 
proportion of the cause of attraction ; and yet, according to the 
definition of gravity, the attractive force is not diminished thereby, 
but increased four-fold, the force growing up within itself the more 
rapidly, the more it is occiqiied in producing other force. On the 
other hand, if mechanical force from without be used to separate 
the particles to twice their distance, this force is not stored up in 
momentum or by inertia, but disappears ; and three-fourths of the 
attractive force at the first distance disappears with it : How can 
this be ? 


* Proceedings of the Royal Institution, 1855, Vol, li., p. 10, See. 
t “ That gnivity should be innate, inherent, and essential to matter, so that 
one body may act upon another at a distance, through a vacuum^ without the 
mediation of any thing else, by and through which their action and force may 
be conveyed from one to another, is to me so great an absurdity that I believe 
no man who has in philosophical matters a competent faculty of thinking, can 
ever fall into it. Gravity must be caused by an agent, acting constantly accord- 
ing to certain laws ; but whether this agent be material or immaterial 1 have 
left to the CQQfiidci'ation of my readers.”— Newton* s Third Letter to Bentley, 
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We know not the physical condition or action from which 
inertia results ; but inertia is always a pure case of the conser- 
vation of force. It has a strict relation to gravity, as appears by 
the proit)rtionate amount of force which gravity can communicate 
to the inert body ; but it appears to have the same strict relation 
to other forces acting at a distance as those of magnetism or 
electricity, when they are so applied by the tangential balance 
as to act independent of the gravitating force. It has the like 
strict relation to force communicated by impact, pull, or in any 
other way. It enables a body to take up and conserve a given 
amount of force until that force is transferred to other bodies, or 
changed into an equivalent of some other form ; that is all that we 
perceive in it : and we cannot find a more striking instance amongst 
natural, or possible, phenomena of the necessity of the conservation 
of force as a law of nature ; or one more in contrast with the 
assumed variable condition of the gravitating force supposed to 
reside in the particles of matter. 

Even gravity itself furnishes the strictest proof of the conser- 
vation of force in this, that its power is unchangeable for the same 
distance ; and is by that in striking contrast with the variation 
which we assume in regard to the cause of gravity^ to account for 
the results at different distances. 

It will not be imagined for a moment that I am opposed to 
what may be called the law of gravitating action, that is, the law 
by which all the known effects of gravity are governed ; what I «Qm 
considering, is the definition of the force of gravitation. That the 
result of one exercise of a power may be inversely as the square of 
the distance, I believe and admit ; and I know that it i^" so in the 
case of gravity, and has been verified to an extent that could hardly 
have been within thcT conception even of Newton himself when he 
gave utterance to the law : but that the totality of a force can be 
employed according to that law I do not believe, either in relation 
to gravitation, or electricity, or magnetism, or any other supposed 
form of power. 

I might have drawn reasons for urging a continual recollection 
of, and reference to, the principle of the conservation of force from 
other forms of power than that of gravitation ; but I think that 
when founded on gravitating phenomena, they appear in their 
greatest simplicity ; and precisely for this reason, that gravitation 
has not yet been connected by any degree of convertibility with the 
other forms of force. If I refer for a few minutes to tliese other 
forms, it is only to point in their variations, to the prof>fs of the 
value of the principle laid down, the consistency of the tnowii 
phenomena with it, and the suggestions of research and discovery 
which arise from it.* Heat, for instance, is a mighty fotm of 


♦ Helmholtz, On the Conservation of Force. Taylor’s Scientific Irfemoirs. 
‘ind Series, 185.% p. 114. 
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power, and its effects have been greatly developed ; therefore, 
assumptions regarding its nature become useful and necessary, and 
philosophers trj' to define it. The most probable assumption is, 
that it is a motion of the particles of matter ; but a view, at one 
time very popular, is, that it consists of a particular fluid of heat. 
Whether it be viewed in one way or the other, the principle of 
conservation is admitted, I believe, with all its force. When trans- 
ferred from one portion to another portion of like matter the full 
amount of heat appears. When transferred to matter of another 
kind an apparent excess or deficiency often results ; the word 
“ capacity ’* is then introduced, which, whilst it acknowledges the 
principle of conservation, leaves space for research. When em- 
ployed in changing the state of bodies, the appearance and disap- 
pearance of the heat is [irovided for consistently by the assumption 
of enlarged or diminished motion, or else space is left by the term 
“ capacity ’’ for the partial views ; which remains to be developed. 
When converted into mechanical force, in the steam or air-engine, 
and so brought into direct contact with gravity, being then easily 
placed in relation to it, still the conservation of force is fully re- 
spected i.iid wonderfully sustained. The constant amount of heat 
developed in the whole of a voltaic current described by M. P. A. 
Favre,* and the jiresent state of the knowledge of thermo-electricity, 
are again fine partial or subordinate illustrations of the principle of 
conservation. Even Avhen rendered radiant, and for the time giving 
no trace or signs of ordinary heat action, the assumptions regarding 
its nature have provided fur the belief in tlie conservation of force, 
by admitting, either that it throws the ether into an equivalent state, 
in sustaining which for the time the power is engaged; or else, that 
the motion of the particles of heat is employed altogether in their 
own transit from place to place. 

It is true that heat often becomes evident or insensible in a 
manner unknown to us ; and we have a right to ask what is hap- 
pening when the heat disapjiears in one part, as of the thermo- 
voltaic current, and appears in another ; or when it enlarges or 
changes the state of bodies ; or what would happen, if the heat, 
being presented, such changes were purposely opposed. We have 
a right to ask these questions, but not to ignore or deny the con- 
servation of force ; and one of the highest uses of the principle is 
to suggest such inquiries. Expliciitions of similar points are con- 
tinually produced, and will be most abundant from the hands of 
those who, not desiring to ease their labour by forgetting the prin- 
ciple, arc ready to admit it either tacitly, or better still, effectively, 
being then continually guided by it. Such philosophers believe 
that heat must do its equivalent of work : that if in doing work it 
seem to disappear, it is still i)roducing its equivalent effect, though 
often in a manner partially or totally unknown ; and that if it give 


•Comptes Kendas, 1854, Vol. xxxix., p. 1212. 
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rise to another form of force (as we imperfectly express it), that 
force is equivalent in power to the heat which has disappeared. 

What is called chemical atiractim^ affords equally instructive 
and suggestive considerations in relation to the principle of the 
conservation of force. The indestructibility of individual matter, 
is one case, and a most important one, of the conser\'ation of che- 
mical force. A molecule has been endowed with powers which 
give rise in it to various qualities, and these never change, either 
in their nature or amount. A particle of oxygen is ever a particle 
of oxygen — nothing can in the least wear it. If it enters into com- 
bination and disappears as oxygen, — if it pass through a thousand 
combinations, animal, vegetable, mineral, — if it lie hid for a thou- 
sand years and then be evolved, it is oxygen with its first qualities, 
neither more nor less. It has all its original force, and only that ; 
the amount of force which it disengaged when hiding itself, has 
again to be employed in a reverse direction when it is set at liberty ; 
and if, hereafter, we should decompose oxygen, and find it com- 
pounded of other particles, we should only increase the strength of 
the proof of the conservation of force, for we should have a right 
to say of these particles, long as they have been hidden, all that we 
could say of the oxygen itself. 

Again, the body of facts included in the theory of definite pro- 
portions, witnesses to the truth of the conservation of force ; and 
though we know little of the cause of the change of properties of 
the actitig and produced bodies, or how the forces of the former 
are hid amongst those of the latter, we do not for an instant doubt 
the conservation, but are moved to look for tlie manner in which the 
forces are, for the lime, disposed, or if they have taken Up another 
form of force, to search what that form may be. 

Even chemical action at a distance, which is in such antithetical 
contrast with the ordinary exertion of chemical affinity, since it can 
produce effects miles away from the particles on which they depend, 
and which are effectual only by forces acting at insensible distances, 
still proves the same thing, the conservation of force. Preparations 
can be made for a chemical action in the simple voltaic circuit, but 
until the circuit be complete that action does not occur ; yet in 
completing we can so arrange the circuit, that a distant chemical 
action, the perfect equivalent of the dominant chemical action, shall 
be produced ; and this result, whilst it establishes the electro- 
chemical equivalent of power, establishes the principle of tlie 
conservation of force also, and at the same time suggests many 
collateral inquiries which have yet to be made and arisw^ered, 
before all that concerns the conservation in this case can be 
understood. 

This and other instances of chemical action at a disttince, carry 
our inquiring thoughts on from the facts to the physical mode of 
the exertion of force ; for the qualities which seem located and fixed 
to certain particles of matter appear at a distance in connexion 
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with particles altogether diiferent. They also lead our thoughts to 
the conversion of one form of power into another ; as for instance, 
in the heat which the elements of a voltaic pile may either show at 
the place where they act by their combustion or combination to- 
gether ; or in the distance, where the electric spark may be ren- 
dered manifest ; or in the wire or fluids of the different parts of the 
circuit. 

When we occupy ourselves with the dual forms of power, elec- 
tricity and magnetism, we find great latitude of assumption ; and 
necessarily so, for the powers become more and more complicated 
in their conditions. But still there is no apparent desire to let 
loose the force of the principle of conservation, even in those cases 
where the appearance and disappearance of force may seem most 
evident and striking. Electricity appears when there is consump- 
tion of no other force than that required for friction ; we do not 
know how, but we search to know, not being willing to admit that 
the electric force can arise out of nothing. The two electricities 
are developed in equal proportions ; and having appeared, we may 
dispose variously of the influence of one upon successive portions of 
the otlicf, causing many changes in relation, yet never able to 
make the sum of the force of one kind in the least degree exceed or 
come short of the sum of the other. In that necessity of equality, 
we see another direct proof of the conservation of force, in the 
midst of a thousand changes that require to be developed in their 
principles before we can consider this part of science as even mode- 
rately known to us. 

One assumption with regard to electricity is, that there is an 
electric fluid rendered evident by excitement in plus and minus 
proportions. Another assumption is, that there are two fluids of 
electricity, each particle of each repelling all particles like itself, 
and attracting all particles of the other kind always, and with a 
force proportionate to the inverse square of the distance, being so 
far analogous to the definition of gravity. This hypothesis is 
antagonistic to the law of the conservation of force, and open to all 
the objections that have been, or may be, made against the ordinary 
definition of gravity. Another assumption is, that each particle 
of the two electricities has a given amount of power, and can only 
attract contrary particles with the sum of that amount, acting upon 
each of two with only half the power it could in like circumstances 
exert upon one. But various as are the assumptions, the conserva- 
tion of force, (though wanting in the second,) is, 1 think, intended to 
be included in all. I might repeat the same observations nearly in 
regard to magnetism, — whether it be assumed as a fluid, or two 
fluids or electric currents, — whether the external action be supposed 
to be action at a distance, or dependent on an external condition 
and lines of force— still all are intended to admit the conser\'atioa 
of power as a principle to which the phenomena are stibject. 

The principles of physical knowledge are now so far developed 
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as to enable us not merely to define or describe the known, but to 
state reasonable expectations regarding the unknown ; and I think 
the principle of the conservation of force may greatly aid experi- 
mental philosophers in that duty to science, which consists in the 
enunciation of problems to be solved. It will lead us, in any case 
where the force remaining unchanged in form is altered in direction 
only, to look for the new disposition of the force ; as in the cases 
of magnetism, static electricity, and perhaps gravity, and to ascer- 
tain that as a whole it remains unchanged in amount : — or, if the 
original force disappear, either altogether or in partflt will lead us 
to look for the new conditioii or form of force which should result, 
and to develope its equivalency to the force that has disappeared. 
Likewise, when force is developed, it will cause us to consider the 
previously existing equivalent to the force so api^earing ; and many 
such cases there are in chemical action. When force disappears, 
as in the electric or magnetic induction after more or less discharge, 
or that of gravity with an increasing distance; it will suggest a 
research as to whether the equivalent change is one within the 
apparently acting bodies, or one external (in part) to them. It 
will also raise up inquiry as to the nature of the internal or external 
state, both before the change and after. If supposed to be external, 
it will suggest the necessity of a physical process, by which the 
power is communicated from body to body ; and in the case of 
external action, will lead to the inquiry whether, in any ease, there 
can be truly action at a distance, or whether the ether, or some 
other medium, is not necessarily present. 

We are not permitted as yet to see the nature of the source of 
physical power, but we are allowed to see much of the consistency 
existing amongst the various forms in which it is presented to us. 
Thus if, in static electricity, we consider an act of induction, we can 
perceive the consistency of all other like acts of induction with it. 
If we then take an electric current, and compare it with this induc- 
tive effect, we sec their relation and consistency. In the same 
manner we have arrived at a knowledge of the consistency of mag- 
netism with electricity, and also of chemical action and of Jioat 
with all the former ; and if we see not the consistency between 
gravitation with any of these forms of force, I am strongly of the 
mind that it is because of our ignorance only. How imperfect 
would our idea of an electric current now be, if we were to Icine 
out of sight its origin, its static and dynamic induction, its magnetic 
influence, its chemical and heating effects? or our idea of any one 
of these results, if we left any of the others unregarded ? That 
there should be a power of gravitation existing by itself, haviqg no 
relation to the ol^er natural powers^ and no respect to the Ikw of 
the conservation of force, is as little likely as that there should be 
a principle of levity as well as of gravity. Gravity may be only 
the residual part of the other forces of nature, as Mossotti has tried 
to show ; but that it should fall out from the law of all other force. 
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aud should be outside the reach eitlier of further experiment or 
philosophical conclusions, is not probable. So we must strive to 
learn more of this outstanding power, and endeavour to avoid any 
definition of it which is incompatible with the principles of force 
generally, for all the phenomena of nature lead us to believe that 
the great and governing law is one. I would much rather incline 
to believe that bodies affecting each other by gravitation act by 
lines of force of definite amount (somewhat in the manner of mag- 
netic or electric induction, though without polarity), or by an ether 
pervading all parts of space, than admit that the conservation of 
force could be dispensed with. 

It may be supposed, that one who has little or no mathematical 
knowledge should hardly ai^sumc a right to judge of the generality 
and force of a principle such as that which forms the subject of 
these remarks. 3Iy apology is this, I do not perceive tliat a 
mathematical mind, simply as such, has any advantage over an 
equally acute mind not mathematical, in perceiving the nature and 
power of a natural principle of action. It cannot of itself intro- 
duce the knowledge of any new principle. Dealing with any and 
every amount of static electricity, the mathematical mind can, and 
has balanced and adjusted them with wonderful advantage, and has 
foretold results which the experimentalist can do no more than 
verify. But it could not discover dynamic-electricity, nor electro- 
magnetism, nor magneto-electricity, or even suggest them ; though 
when once discovered by the experimentalist, it can take them up 
with extreme facility. So iu respect of the force of gravitation, it 
has calculated the results of the i)ower in such a wonderful manner 
as to trace the known planets through their courses and perturbations, 
and ill so doing has discovered a planet before unknown ; but there 
may be results of the gravitating force of other kinds than attraction 
inversely as the square of the distance, of which it knows nothing, 
can discover nothing, and can neither as^e^t nor deny their possi- 
bility or occurrence. Under these circumstances, a principle, which 
may be accepted as eipially strict with mathematical knowledge, 
comprehensible without it, applicable by all in their philosophical 
logic whatever form that may take, and above all, suggestive, 
encouraging, and instructive to the mind of tlie experimentalist, 
should be the more earnestly employed and the more frequently 
resorted to when >ve are labouring either to discover new regions of 
science, or to map out and develop those which are kv.owu into 
one harmonious whole ; and if in such strivings, we, whilst applying 
the principle of conser^ation, sec but imperfectly, still we should 
endeavour to see, for even an obscure and distorted vision is better 
than none. Let us, if we can, discover a new thing in any shape; 
the true appearance and character will he easily developed after- 
wards. 

Some are much surjirised that I should, as they think, venture 
to oppose the conclusions of Newton : but here there is a mistake. 
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I do not oppose Newton on any point ; it is rather those who sus- 
tain the idea of action at a distance, that contradict him. Doubtful 
as I ought to be of myself, I am certainly very glad to feel that 
my convictions are in accordance with his conclusions. At the 
same time, those who occupy themselves with such matters ought 
not to depend altogether upon authority, but should find reason 
witliin themselves, after careful thought and consideration, to use 
and abide by their own judgment. Newton himself, whilst referring 
to those who were judging his views, speaks of such as are compe- 
tent to form an opinion in such matters, and makes a strong dis- 
tinction between them and those who were incompetent for the 
case. 

But after all, the principle of the conservation of force may by 
some be denied. Well, then, if it be unfounded even in its appli- 
cation to the smallest part of the science of force, the proof must be 
within our reach, for all physical science is so. In that case, dis- 
coveries as large or larger than any yet made, may be anticipated. 
I do not resist the search for them, for no one can do harm, but 
only good, who works with an earnest and truthful spirit in such a 
direction. But let us not admit the destruction or creation of force 
without clear and constant proof. Just as the chennst owes all the 
perfection of his science to his dependence on the certainty of gra- 
vitation applied by the balance, so may the physical philosopher 
expect to find the greatest security and the utmost aid in the prin- 
ciple of the conservation of force. All that we have that is good 
and safe, as the steam-engine, the electric-telegraph, &c., witness to 
that principle-, — it would require a perpetual motion, a fire without 
heat, heat without a source, action without reaction, cau^ without 
effect, or effect without a cause, to displace it from its rank as a 
law of nature. 


[M. F.] 
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The Lord Wensleydale, Vice-President, in the Chair. 


F. Grace Calvert, Esq. F.C.S. M.R.A. Turin, 

HONORABT FBOFKflSOR OP CHEUISTBT, ROTAL INSTITUTION, 11AKCHE8TKK. 

On AT, ChtvreuVs Laws of Colour, 

Mr. Grace Calvert stated that he had three objects in view in 
this discourse. The first was to make known the laws of colours, as 
discovered by his learned master, M. Chevreul ; secondly, to explain 
their importance in a scientific point of view ; and, thirdly, their 
value t6 and manufactures. 

To understand the laws of colours, it is necessary to know the 
composition of light ; Newton was the first person who gave to the 
world any statement relative to the components of light, which he 
said consisted of seven colours —red, orange, yellow, green, blue, 
indigo, and violet. It is now distinctly proved that four of those 
seven colours of the spectrum are the result of the combinations 
of the three colours now known as the primitive colours, viz., red, 
blue, and yellow. Thus blue and red combined produce purple or 
indigo ; blue and yellow, green ; while red and yellow, produce 
orange ; these facts being known, it is easy to prove that there are 
not seven, but three primitive, and four secondary, called com- 
plementary colours. 

Several proofs can be .given that light is compose»l of three 
colours only. One of the most simple consists in placing pieces of 
blue, red, and yejlow papers on a circular disc, and rotating it 
rapidly ; the effect to the eye being to produce a disc of white 
light. If, therefore, the eye can be deceived so readily while the 
disc travels at so slow a rate, what must necessarily be the case 
when it is remembered that light proceeds at the rate of 190,000 
miles per second ? 

The rapidity with which light travels is such that the eye is not 
able to perceive either the blue, red, or yellow, the nerves of the 
retina not being sensitive enough to receive and convey successively 
to the mind the three or seven colours of which the light is com- 
posed. 

Before entering into the laws of colour, Mr. Grace Calvert 
stated that it might be interesting to know what scientific minds 
had devoted attention to the laws of colours. 
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Biiffon followed Newton, and his researches had special reference 
to what M. Chevreul had called the ^‘successive contrasts” of 
colours. 

Father Scherfier, a monk, also wrote on the laws of colour. 
Goethe, the poet, al^ brought his mind to bear upon the subject, 
and studied it to a great extent. Count Bumford, about the end of 
the eighteenth century, published several memoirs on the laws of 
colours. He explained very satisfactorily the “ successive ” con- 
trast, and arrived at some insight into the “simultaneous” one ; 
still he did not lay down its real laws. 

Prieur, Leblanc, Harris, and Field, were also writers of most 
interesting works on this subject. The reason that they did not 
arrive at the definite laws of colour was because they had not 
divided those laws into successive, simultaneous, and mixed con- 
trasts. These form the basis of the practical laws of colour, and 
the honour of their discovery is due to M. Chevreul. 

The reason why a surface appears white or brilliant is, that a 
large portion of the light which falls on its surface is reflected on 
the retina, and in such a quantity as gives to the surface a brilliant 
aspect; whilst in plain white surfaces, the rays of light being diffused 
in all directions, and a small portion only arriving to the eye, the 
surface does not appear brilliant. The influence of colours on these 
two kinds of surfaces is very different, as may be perceived by the 
examples round the room, Showing the influence of different 
colours on gold ornaments. When rays of light, instead of being 
reflected, are absorbed by a surface or substance it appears black ; 
therefore white and black are not colours, as they are due to the 
reflection or absorption of undecomposed light. It is easy to un- 
derstand why a surface appears blue ; it is due to the property 
which the surface has to reflect only blue rays, whilst it absorbs the 
yellow and red rays ; and if a certain portion of light is reflected 
with one of the coloured rays it will decrease its intensity ; thus red 
rays with white ones produce pink. On the contrary, if a quantity 
of undecomposed light is absorbed, black is produced, which, by 
tarnishing the colour and making it appear darker, generates dark 
reds, blues, or yellows. The secondary colours are produced by 
one of the primitive colours being absorbed and the two others 
reflected ; for example, if red be absorbed, and blue and yellow 
reflected, the surface appears green. There are two reasons why 
a perfect blue, yellow, red, cannot be seen, &c. The first is, that 
surfaces cannot entirely absorb one or two rays and reflect the 
others. The second is, that when the retina receives the impression 
of one colour, immediately its complementary colour is generajted ; 
thus, if a blue circle is placed on a perfectly grey surface, an ori^nge 
hue will be perceived round it ; if an orange circle, round it, will 
be noticed a bluish tint ; if a red circle, a green ; if a greenish 
yellow circle, a violet ; if an orange yellow ciicle, an indigo ; and 
so on. 
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The successive ” contrast has long been known ; and it consists 
in the fact that on looking stedfastly for a few minutes on a red 
surface fixed on a white sheet of paper, and then carrying the eye to 
another white sheet, there will be perceived on it not a red, but a 
green one ; if green, red; if purple, ; if blue, orange. 

The “ simultaneous ” contrast is the most interesting and useful 
to be acquainted with. When two coloured surfaces are in juxta- 
position, they mutually influence each other, — favourably, if har- 
monising colours, or in a contrary manner if discordant ; and in 
such proportion in either case as to be in exact ratio with the 
quantity of complementary colour which is generated in the eye : 
for example, if two half-sheets of plain tinted paper, one dark 
green, the other of a brilliant red, are placed side by side on a grey 
piece of cloth, the colours will be mutually improved in consequence 
of the green generated by the red surface adding itself to the green 
of the juxtaposed surface, thus increasing its intensity, the green in 
its turn augmenting the beauty of the red. This effect can easily 
be appreciated if two other pieces of paper of the same colours 
are placed at a short distance from the corresponding influenced 
ones, as below : — 

Red. Red Green. Green. 

It is not sufficient merely to place complementary colours side 
by side to produce harmony of colour, since the respective inten- 
sities have a most decided influence : thus pink and light green 
agree, red and dark green also ; but light green and dark red, pink 
and dark green, do not ; and thus to obtain the maximum of effect 
and perfect harmony the following colours must be placed side by 
side, taking into account their exact intensity of shade and tint. 

Harmonising Colours. 

Primitive Colours. Complemeniar}} Colours. 


Red . • • . 

. Green . . . . ^ 

f Light blue 1 

Yellow } 

( Red j 

f Red ) 

White light. 

Blue .... 

. Orange . . . . < 

Yellow } 

1 Blue 1 

1 Blue 1 

Red } 

[ Yellow 1 

[ Red 1 

White light. 

Yellow-orange . 

. Indigo . • . . 1 

1 

White light. 

Greenish Yellow 

. Violet . . . . ^ 

Blue } 

\ Yellow J 

[ Yellow ) 

White light. 

Black . . 

• Wliite . . . . < 

' Blue > 

[ Red j 

White light. 
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If attention is not paid to the arrangement of colours according 
to the above diagram, instead of their mutually improving each 
other, they will, on the contrary, lose in beauty ; thus if blue and 
purple are placed side by side, the blue throwing its complementary 
colour, orange, upon the purple, will give it a faded appearance ; 
and the blue receiving the orange yellow of the purple will assume 
a greenish tinge. The same may be said of yellow and red, if 
placed in juxtaposition. The red, by throwing its complementary 
colour green, on the yellow, communicates to it a greenish tinge ; 
the yellow, by throwing its purple hue, imparts to the red a dis- 
agreeable purple appearance. The very great importance of these 
principles to every one who intends to display or arrange coloured 
goods or fabrics was convincingly shown by Mr. Grace Calvert, 
from a great variety of embroidered silks (kindly lent by Mr. 
Henry Houldsworth), calicos, and paper-hangings, which demon- 
strated that if these laws are neglected, not only will the labour 
and talent expended by the manufacturer to produce on a given 
piece of goods the greatest effect possible, be neutralised, but per- 
haps lost. It was clearly demonstrated that these effects are not 
only produced by highly-coloured surfaces, but also by those whose 
colours are exceedingly pale, as, for example, light greens, or light 
blues with buffs, and that even in gray surfaces, as pencil drawings, 
the contrast of tone between two shades was distinctly visible. The 
contrast of tone or tint was most marked when two tints of tlie 
same colour were juxtaposed, and it was therefore the interest of 
an artist to pay attention to this principle when employing two 
tints of the same scale of colour. From the “ mixed contrast 
arises the rule that a brilliant colour should never be loo^d at for 
any length of time, if its true tint or brilliancy is to be appreciated ; 
for if a piece of red cloth is looked at for a few minutes, green, its 
complementary colour, is generated in the eye, and adding itself to 
a portion of the red, produces black, which tarnishes the beauty of 
the red. This contrast explains, too, why the tone of a colour is 
modified, either favourably or otVierwise, according to the colour 
which the eye has previously looked at. Favourably, when, for 
instance, the eye first looks to a yellow surface, and then to a 
purple one ; and unfavourably, when it looks at a blue and then at 
a purple. 

Mr. Grace Calvert also showed that black and white surfaces 
assume different hues according to the colours placed in juxtaposi- 
tion with them ; for example, black acquires an orange or purple 
tint if the colours placed beside it are blue or orange ; but these 
effects can be overcome, in the case of these or any colouts, by 
giving to the influenced colour a tint similar to that influencing it. 
Thus, to prevent "black becoming orange by its contact with blue, 
it is merely necessary that the black should be blued, and in such 
proportion that the amount of blue will neutralize tlie orange 
thrown on it by influence, thus producing black. As an instance, 
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to prevent a grey design acquiring a pinkish shade through working 
it with green, give the grey a greenish hue, which, by neutralising 
the pink, will generate white light, and thus preserve the grey. 

Mr. Grace Calvert, after explaining the chromatic table of M. 
Chevreul, which enabled any person at a glance to ascertain what 
was the complementary colour of any of the 13,480 colours which 
M. Chevreul had distinctly classed in his table, stated that it was 
of the highest importance to artists to be acquainted with these 
laws, in order to know at once the exact colour, shade, and tint, 
which would produce the greatest etfect when placed beside another 
colour, and that they could save the great length of time which no 
doubt the great masters lost in ascertaining by experiment those 
laws, which they could now learn in a few hours by consulting 
M. Chevreurs work. 

[F. C. C.] 



Friday, June .5. 


The Duke of Nortirtmberland, K.G. F.R.S. President, 
in the Chair. 

John Tyndall, Esq F.R.S. 

PROrEBSOR OF KATURAL PHlLOflOFRT, R.T. 

On M, Lissajous* Acoustic Experiments. 

The speaker briefly noticed the physical cause of musical sound ; 
referring to the bell, the tuning fork, the tended string, <fec., as 
sources of vibration. The propagation of impulses through the 
atmosphere to the tympanum was illustrated by causing a brass rod 
to vibrate longitudinally : a disk was fixed to the end of the rod 
perpendicular to its length, and this disk, being held several feet 
above a surface of stretched paper on which sand was strewn, 
communicated its motion through the air to the paper, and pro- 
duced a complex nodal figure of great beauty. Optical means 
had been resorted to by Dr. Young, and more especially by Mr. 
Wheatstone, in the study of vibratory movements, M. Lissajous 
had extended and systematised the principle ; and had exhibited 
his experiments before the Societe d'Encouragenient, ^pd more 
recently before the Emperor of the French. When he became 
acquainted with the spejiker’s intention to introduce these ex- 
periments at the Royal Institution, he in the most obliging manner 
offered to come to London and make them himself. This offer was 
accepted, and the speaker also congratulated the audience on the 
presence of M. Duboscq, Mho took charge of his own electric 
lamp ; this being the source of light made use of on the occasion. 

The experiments proceeded in the following order : — 

1. A sheaf of light was thrown from the lamp upon a mirror 
held in the speaker’s hand : on moving the mirror with sufficient 
speed the beam described a luminous ring upon the ceiling. The 
persistance of impressions upon the retina was thus illustrated. 

2. A tuning fork had a pointed bit of copper foil attached to 
one of its prongs : the fork being caused to vibrate by a violin bow 
the metallic point moved to and fro, and being caused to press 
gently upon a surface of glass coated with lamp black, the fork 
being held still, a fine line of a length equal to the amplitude of the 
vibrations was described upon the glass ; but when at the $ttme 
time the whole fork was drawn backwards with sufficient speed, a 
sinuous line was described upon the glass. The experiment was 
made by placing the coated glass before the lamp ; having a lens 
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in front of it, and bringing the surface of the glass to a focus on a 
distant screen. On drawing the fork over the surface in the man- 
ner described, the figure started forth with great beauty and pre- 
cision. By causing a number of forks to pass at the same time 
over the coated glass, the relations of their vibrations were deter- 
mined by merely counting the sinuosities. The octave, for example, 
had double the number of its fundamental note. 

3. This was the first of the series of M. Lissajous’ experiments. 
A tuning fork, with a metallic mirror attached to one of its prongs, 
was placed in front of the lamp ; an intense beam of light was 
thrown on the mirror, and reflected back by the latter. This 
reflected beam was received on a small looking-glass, held in the 
hand of the experimenter, from which it was reflected back upon 
the screen. A lens being placed betw'ecn the lamp and tuning fork, 
a sharply defined image of the orifice from which the light issued 
was obtained. When a violin bow was drawn across the fork, 
this image elongated itself to a line. By turning the mirror in the 
hand, the image upon the screen was resolved into a bright sinuous 
track, many feet in length. 

4. A* Cuning fork was placed before the lamp, as in the last ex- 
periment. But instead of receiving the beam reflected from the 
mirror of the fork upon a looking-glass, it was received upon the 
mirror of a second fork, and reflected by the latter upon the screen. 
When one fork was excited by a bow, a straight line described 
itself upon the screen, when the other fork was subsetiuently excited, 
the figure described was that due to the combination of the vibra- 
tions of both the forks. This is the principle of the entire series 
of experiments now to be referred to. 

When a single fork vibrates, the image which it casts upon the 
screen is elongated in a direction parallel to the prong of the fork. 
In order to have the vibrations rectangular, one fork stood upright, 
the other was fixed horizontally, in a vertical stand, in the following 
experiments. 

5. Two forks, in perfect unison with each other, were placed 
in the i)ositions described, and caused to vibrate simultaneously. 
If both forks passed their position of equilibrium at the same 
instant, that is, if there >vas no difference of phase, the figure 
described was a straight line. AVhen the difference of phase 
amounted to one-fourth, the figure was a circle : between these 
it was an ellipse. The perfect unison of the two forks was proved 
by the immobility of the figure upon the screen. On loading one 
of them with a little weight, the figure no longer remained fixed 
but passed from the straight line through the ellii)se to a circle, 
thence back through the ellipse to the straight line. So slight is 
the departure from unison which may be thus rendered visible, that 
M. Lissajous states that it would be possible to make evident to a 
deaf person a discrepancy of one vibration in thirty thousand. 

6. Two forks, one of which gave the octave of the other, were 
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next made use of. When there was no difference of phase, the 
figure described upon the screen resembled an 8. If the unison 
was perfect, the figure, as in the former case, was fixed ; but when 
the unison was disturbed, the figure passed through the changes cor- 
responding to all possible differences of phase. The loops of the 
8 became distorted, formed by superposition a single parabola, 
opened out again, became again symmetrical, and so on. 

7. The fifth of the octave, the major third, and other combina- 
tions succeeded, the figures becoming more and more complex as 
the departure from simple relations between the vibrations in- 
creased. 

8. Finally, two forks which, when sounded together, gave 
audible beats, were placed both upright upon the table. The 
beam reflected from the mirror of one was received upon that of 
the other, and reflected upon the screen. When both forks were 
sounded, they sometimes conspired to elongate the image ; some- 
times they opposed each other, and thus a series of elongations and 
shortenings addressed the eye at exactly the same intervals in which 
the beats addressed the ear. 

At the conclusion of this beautiful series of experiments, which, 
thanks to the skill of those who performed them, were all successful, 
on the motion of Mr, Faraday, the thanks of the meeting were 
unanimously voted to ]\r.M. Lissajous and Duboscq, and commu- 
nicated to those gentlemen by his Grace the President. 


[J. T.] 



Friday, June 12. 

Sir Benjamin Collins Bhodie, Bart. D.C.L. F.R.S. Vice- 
President, in the Chair. 

Professor Faraday, D.C.L. F.R.S. 

On the Relations of Gold to Light, 

This subject was brought forward on the 13th of June of last year, 
and in the, account of that evening, at page 310, vol. ii. of the Pro- 
ceedings of the Royal Institution, will be found a description of 
some of the proofs and eifects then referred to and illustrated ; 
the following additional remarks will complete the account up to 
this time. The general relations of gold leaf to light were de- 
scribed in the former report. Since then, pure gold leaf has been 
obtained through the kindness of Mr. Smirke, and the former ob- 
servations verified. This was the more important in regard to the 
effect of heat in taking away the green colour of the transmitted 
light, and destroying to a large extent the power of reflexion. The 
temperature of boiling oil, if continued long enough, is sufficient for 
this effect ; but a higlier temperature (far short of fusion) pro- 
duces it more rapidly. Whether it is the result of a mere breaking 
up by retraction of a corrugated film, or an allotropic change, is 
uncertain. Pressure restores the green colour ; but it also has the 
like effect upon films obtained by other processes than beating. 
Corresponding results are produced with other metals- 

As before stated, films of gold may be obtained on a weak 
solution of the metal, by bringing an atmosphere containing vapours 
of phosphorus into contact with it. They are produced also when 
small particles of ph(»sphorus are placed floating on such a solu- 
tion ; and then, as a film differing in thickness is formed, the 
concentric rings due to Newton’s thin plates are produced. These 
films transmit light of various colours. When heated they become 
amethystine or ruby ; and then when pressed, become green, just 
as heated gold leaf. This effect of pressure is characteristic of 
metallic gold, whether it is in leaf, or film, or dust. 

Gold wire, separated into very fine particles by the electric 
deflagration^ produces a de(K)sit on glass, which, being examined, 
either chemically or physically, proves to be pure metallic gold. 
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This deposit transmits various coloured rays : some parts are grey, 
others green or amethystine, or even a bright ruby. In order to 
remove any possibility of a compound of gold, as an oxide, being 
pr^nt, the deflagrations were made upon topaz, mica, and rock 
crystal, as well as glass, and also in atmospheres of carbonic acid 
and of hydrogen. Still the results were the same, and ruby gold 
appeared in one case as much as in anotlier. Being heated, all 
parts of the deposit became of an amethystine or ruby colour ; 
and by pressure these parts could be changed so as to transmit the 
green ray. 

The pituiuction of fluids^ consisting of very finely divided par- 
ticles of gold diffused through water, was spoken of before. These 
fluids may be of various colours by transmitted light from ruby to 
blue; the effects being produced only by diffused particles of 
metallic gold. If a drop of solution of phosphorus in bisulphide 
of carbon be put into a bottle containing a quart or more of very 
weak solution of gold, and the whole be agitated, the change is 
brought about sooner than by the process formerly described ; or if 
a solution of phosphorus in ether be employed, very quickly indeed ; 
so that a few hours’ standing completes the action. All the prepa- 
rations have the stme qualities as those before described. The 
differently coloured fluids may have the coloured particles par- 
tially removed by filtration ; and so long as the particles are kept 
by the filter from aggregation, they preserve their ruby or other 
colour unchanged, even though salt be present. If fine isinglass 
be soaked in water, then warmed to melt it, and one of these rich 
fluids be added, with agitation, a ruby jelly fluid will be obtained, 
which, when sufficiently concentrated and cold, suppliegH«a tremu- 
lous jelly ; and this, when dried, yields a hard ruby yelaluie^ which 
being soaked in water, becomes tremulous again, and by heat and 
more water yields a ruby fluid. The dry hard ruby jelly is per- 
fectly analogous to the well known ruby glass, though often finer in 
colour ; and both owe the colour to particles of metallic gold. 
Animal membranes may in like manner have ruby particles diffused 
through them, and then are perfectly analogous in their action on 
light to the gold ruby glass, and from the same cause. 

When a leaf of beaten gold is held obliquely across a ray of 
common light, it polarizes a portion of it ; and the light transmitted 
is polarized in the same direction as that transmitted by a bundle of 
thin plates of glass ; the effect is produced by the heated leaf as 
well as by the green leaf, and does not appear to be due to any 
condition brought on by the heating or to internal structure. When 
a polarized ray is employed, and the inclined leaf held across 1 %, the 
ray is affected, and a part passes the analyzer, provided the gold 
film is inclined in a plane forming an angle of 45° with the plane 
of polarization. Like effects are produced by the films of gold; pro- 
duced from solution and phosphorus, and also by the dejfosited 
dust of gold due to the electric discharge. The same effect! are 
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produced by the other deflagrated metals so long as the dusty 
films are in the metallic state. As these finer preparations could 
be held in place only on glass or some such substance^ and as 
glass itself had an effect, it was necessary to find a m^iuin in 
which the power of the glass was nothing ; and this was obtained 
in the bisulpliide of carbon. Here the effect of gold upon a ray 
of light which was unaffected by the glass supporting it, was ren- 
dered veip^ manifest, not only to a single observer, but also to a 
large audience. 

The object of these investigations was to ascertain the varied 
powers of a substance acting upon light, when its particles were 
extremely divided, to the exclusion of every other change of con- 
stitution, It was hoped that some of the very important differences 
in the action upon the rays might in this way be referred to the 
relation in size or in number of the vibrations of the light and the 
particles of the body, and also to the distance of the latter from each 
other : and as many of the effects are novel in this point of view, it 
is hoped that they will be of service to the physical philosopher. 

[M. F.] 



Friday, January 22. 


William Pole, Esq. M.A. F.R.S. Treasurer and Vice-President, 

in the Chair. 

Professor J. Tyndall, F.R.S. 

On some Physical Properties of Ice, 


The discourse was prefaced by some remarks on force in general ; 
and more especial attention was afterwards directed to the force, 
or application of force, manifested in the phenomena of crystalliza- 
tion. Experimental illustrations were exhibited, and the speaker 
passed on to the particular case of crystallized water, or ice. Being 
desirous of examining how the interior of a mass of ice was affected 
by a beam of radiant heat sent through it, he availed himself of the 
sunny weather of last September and October. The sunbeams 
being condensed by a lens, the concentrated beams were sent 
through slabs of ice, the arrangement being usually so made as to 
cause the focus to fall within the substance. The path of such a 
beam through the ice was observed to be instantly studded with 
lustrous spots, which increased in magnitude and number as the 
action continued. On examining the spots more clos^y, they 
were found to be flattened spheroids, and around each the ice 
was so liquified as 'to form a beautiful flower-shaped figure, 
possessing six petals. From this number there was no deviation. 
At first the edges of the liquid leaves were clearly defined; but a 
continuance of the action usually caused the edges to become ser- 
rated like those of ferns. When the ice was caused to move 
across the beam, or the beam caused to traverse difterent portions 
of the ice in succession, the sudden generation and crowding together 
of these liquid fiowers, with their central spots shining with more 
than metallic brilliancy, was exceedingly beautiful. 

A slab of ice was prepared, and placed in front of an electric 
lamp : by a lens placed in front of the slab, the latter was pro- 
jected upon a screen ; on sending a beam from the lamp thro(ugh 
the ice, the formation of the flowers was rendered visible to the 
audience. 

In almost all cases these flowers were formed in planes parallel 
to the surface of freezing ; it mattered not wliether the beam tra- 
versed the ice parallel to this surface, or ^>crpcndicular ta it. 
Some apparent exceptions to this rule were found, which will f6rm 
the subject of future investigation. 
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The general appearance of the shining spots at the centres of 
the flowers was that of the bubbles of air entrapped in the ice : to 
examine whether they contained air or not, portions of ice con- 
taining them were immersed in warm water. The ice surrounding 
the cavities melted, the latter instantly collapsed, and no trace of 
air rose to the surface of the water. A vacuum, therefore, had 
been formed at the centre of each spot ; due, doubtless, to the well- 
known fact that the volume of water in each flower was less than 
that of the ice, by the melting of which the flower was produced. 

The associated air-and-water cells, found in such numbers in 
the ice of glaciers, and observed by the speaker in lake ice, were 
next examined. Two hypotheses have been started to account for 
these cells. One attributes them to the absorption of the sun's heat 
by the air bubbles, and the consequent melting of the ice which 
surrounds them. The other hypothesis, which is a very reasonable 
one, supposes that the liquid in the cells never has been frozen, but 
has continued in the liquid condition from the neve or origin of the 
glacier downwards. Now" if the water in the cells be due to the 
melting of the ice, the associated air must be iti a rcrejied cofidi- 
iion\ beaiuse the volume of the liquid is less than that of the ice 
which produced it ; whereas, if the air be simply that entrapped in 
the snow of the neve, it will not be thus rarefied. Here, then, we 
have a test as to whether the water-cells have been produced by 
the melting of the ico. 

Portions of ice containing these compound cells were immersed 
in hot water, the ice around the cavities being thus gradually 
melted away. When a liquid connexion was established between 
the bubble and the atmosphere, the former collapsed to a smaller 
bubble. In many cases the residual bubble did not reach the 
hundredth part of the magnitude of the primitive one. There was 
no exception to this rule, and it proves that the water of the 
Ciivities is really due to the melting of the adjacent ice. 

The first hypothesis above referred to is that of M, Agassiz ; 
which has been reproduced and subscribed to by the Messrs. 
Schlagintweit, and accepted generally as the true one. Let us 
pursue it to its consequences. 

Comparing ecpial iveights of air and water, experiment proves 
that to raise a given weight of water one degree in temperature, as 
much heat would be needed as would raise the same weight of 
air four degrees. 

Comparing equal volumes of air and water, the water is known 
to be 770 times heavier than the air ; consequently, for a given 
volume of air to raise an equal volume of water one degree in 
temperature, it must part with 770 x 4 = 3080 degrees. 

Now the quantity of heiit necessary melt a given weight of 
ice would raise the same weight of water 142 *6 Fahr. degrees in 
temperature. Hence to produce, by the melting of ice, an amount 
of water equal to itself in bulk, a bubble of air must yield up 
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3080 X 142*6, or upwards of four hundred thousand degrees 
Fahrenheit. 

This is the amount of heat which, according to the hypothesis 
of M. Agassiz and the Messrs. Schlagintweit, is absorb^ by the 
bubble of the air in a short time under the eyes of tlie observer. 
That is to say, the air is capable of absorbing an amount of heat 
which, had it not been communicated to the surrounding ice, would 
raise the bubble to a temperature 160 times that of fused cast 
iron. Did air possess this enormous power of absorption it would 
not be without inconvenience for the animal and vegetable life of 
our planet. 

The fact is, that a bubble of air at tlie earth’s surface is unable, 
in the sightest appreciable degree, to absorb the sun’s rays ; for 
those rays before they reach the earth have been perfectly sifted by 
their passage through the atmosphere. The following experiment 
illustrative of this point, has been made by the speaker : the rays 
from an electric lamp were condensed by a lens, and the concen- 
trated beam sent through the bulb of a ditferential thermometer. 
The heat of the beam was intense ; still not the slightest effect was 
produced upon the thermometer. In fact, all the rays that glass 
could absorb had been ahsorhed by the lens, and the heat con- 
sequently passed through the thin glass envelope of the thermo- 
meter, and the air within it, without imparting the slightest sensible 
heat to either. 

The bubbles observ'ed by the speaker, and those which occur in 
the deeper portions of glacier ice, he supposes to have been pro- 
duced by heat which has been conducted through the substance 
without melting it. Regarding heat as a mode of motion, he 
shows that the liberty of liquidity is attained by the molecules at 
the surface of a mass <3f ice, before the molecules at the centre of 
the mass can attain this liquidity. Within the mass each molecule 
is controlled in its motion by the surrounding molecules. But if a 
cavity exist at the interior, the molecules surrounding that cavity 
are in a condition similar to those at the surface ; and they are 
liberated by an amount of motion which has been transmitted 
through the ice without prejudice to its solidity. The conception 
is helped when we call to mind the transmission of motion through 
a series of elastic balls, by which the last ball of the series is de- 
tached, while the others do not suffer visible separation. The 
speaker, moreover, proves, by actual exyieriment, that the interior 
portion of a mass of ice may be liquiffed by an amount of heat 
which has been conducted through the exterior portions without 
melting them. 

Now precisely the converse of this takes place when two pieces 
of ice, at 32® Fahr., with moist surfaces, are brought into cont^t. 
Superficial portions are by this act transferred to the centre, whOre 
a temperature of 32*^ is not sufficient to produce liquefaction, 'fhe 
motion of liquidity which the surfaces possessed before contact is 
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now checked, and the pieces of ice freeze together. This appears 
to furnish a complete explanation of all the cases of tliis nature 
which have hitherto been observed. 

The particles of a crushed mass of ice at 32^, or a ball of moist 
snow, may, it is now well known, be squeezed into slabs or cups of 
ice. That moisture is necessary here, and that the same agent is 
necessary in the conversion of snow into glacier ice, was proved by 
the following experiment. A ball of ice was cooled in a bath of 
solid carbonic acid and ether, and thus rendered perfectly dry. 
Placed in a suitable mould, and subjected to hydraulic pressure, 
the ball was crushed ; but the crushed fragments remained as 
white and opaque as those of crushed glass. The particles, while 
thus dry, could not be squeezed so as to form pellucid ice, which is 
so easily obtained when the compressed mass is at a temperature of 
32® Fahr. 

[J. T.] 



Friday, January 29. 


Sir Benjamin Collins Brodie, Bart., D.C.L. F.R.S. 

Vice-President, in the Chair. 

William Robert Grove, Esq. Q.C. V.P.R.S. 

On Molecular Impressions by Light and Electricity. 

The term molecule is used in dllTerent senses by different authors : 
by some it is employed with the same meaning as the word atom^ 
i.e., to signify an ultimate indivisible particle of matter ; by others 
to signify a definite congeries of atoms forming an integral element 
of matter, somewhat as a brick may be said to be a congeries of 
particles of sand, but a structural element of a house. 

The term is used this evening to signify the particles of bodies 
smaller than those having a sensible magnitude, or only as a term of 
contradistinction from masses. If there be any distinctive charac- 
teristic of the science of the present century as contrasted with that 
of former times, it is the progress made in molecular physics, or the 
successive discoveries which have shown that when ordinary ponder- 
able matter is subjected to the action of what were formerly called 
the imponderables, the matter is molecularly changed. The re- 
markable relations existing between the physical structure of matter, 
and its, effect upon heat, light, electricity, magnetism, &c., seems, 
until the .present century, to have attracted little attention: thus, to 
take the two agents selected for this evening's discourse, Light and 
Electricity, how manifestly their effects depend upon the molecular 
structure of the bodies subjected to their influence? Carbon in 
the form of diamond transmits light but stops electricity. Carbon 
in the form of coke or graphite, into which the diamond may be 
transformed by heat, transmits electricity but stops light. All solid 
bodies which transmit light freely, or are transparent, are non- 
conductors of electricity, or may be said to be opaque to it ; all the 
best conductors of electricity, as black carbon and the metals, are 
opaque or non-conductors of light.* Bodies which have a peculiar 
but definite and symmetrical structure, such as ciy’stals, affect light 
definitely and in strict relation to their structure : witness the efiects 
of polarized light on crystals ; and there are not wanting instances 


* It should be borne in mind that these terms are not absolute, but dnly 
express a high degree of approximatioo. 
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of similar relations between the structure of bodies and their trans- 
mission of electricity. 

The converse of this class of effects, however, forms more 
properly the subject of this evening’s communication, viz., the 
changes in the molecular structure of matter produced by Light 
and Electricity, The effect of light on plants, on their growth 
and colour, the bleaching effects of light on coloured bodies, the 
phosphorescence of certain substances by insolation or exposure 
to the sun, have long been known, and yet do not seem to have 
awakened in the minds of the ancient natural philosophers any 
notion of the general molecular effects of light. Leonard Euler 
alone conceived that light may be regarded as a movement or 
undulation of ordinary matter ; and Dr. Young, in answer, stated 
as a most formidable objection, that if this view were correct all 
bodies should possess the properties of solar phosphorus, or should 
be thrown into a state of molecular vibration by the impact of light, 
just as a resonant body is thrown into vibration by the impact of 
sound, and thus give back to the sentient organ an effect similar to 
that of the original impulse. 

In thp last edition of his Essay on the “ Correlation of Physical 
Forces,” ( 1 85t), p. 131,) Mr. Grove has made the/ollowing remarks 
on this question : ‘‘ To the main objection of Dr, Young that all bodies 
would have the properties of solar phosphorus if light consisted in 
the undulations of ordinary matter, it may be answered that so 
many bodies have this property, and with so great variety in its 
duration, that rion constat all may not have it, though for a time so 
short that the eye cannot detect its duration ; the fact of the phos- 
phorescence by insolation of a large number of bodies is in itself 
evidence of the matter of which they are composed being thrown 
into a state of undulation, or at all events molecularly affected by 
the impact of light, and is therefore an argument in support of the 
view to which objection is taken.” The above conjecture has been 
substantially verified by the recent experiments of M. I^iepce de 
St. Victor, of which the following is a short resumi : — 

An engraving which has been for some time in the dark is 
exposed to sunlight as to one half, the other half being covered by 
an opaque screen ; it is then taken into a dark room, the screen 
removed, and the whole surface placed in close proximity to a sheet 
of higlily sensitive photographic paper. The portion upon which the 
light has impinged is reproduced on the photographic paper, while 
no effect is produced by the portion which had been screened from 
light. White bodies produce the greatest effect, black little or 
none, and colours intermediate effects. 

An engraving exposed as before, then placed in tlie dark upon 
white paper, conveys the impression to the latter, which will in its 
turn impress photographic paper. 

Paper, in a tin case, exposed to sunlight, then covered up by a 
tin cover will, when opened in the dark, radiate from the aperture 
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phosphorescent force, and produce a circular mark on the photo- 
graphic paper, and even impress on the latter the lines of an 
engraving interposed between it and the photographic surface. 

Phosphorescent bodies produce similar effects in a greater degree, 
and bodies which intercept the phosphorescent effect intercept the 
invisible radiations. A design drawn by a fluorescent substance, 
such as a solution of sulphate of quinine on paper, is reproduced, 
the design being more strongly impressed than the residual parts 
of the paper. 

Mr. Grove had little doubt that had the discourse been given in 
the summer instead of mid-winter, he could have literally realised 
in this theatre the Lagado problem of extracting sunbeams from 
cucumbers ! 

While fishing in the aiitunm, in the grounds of M. Segiiin, at 
Fontenay, Mr. Grove observed some wliite patches on the skin of a 
trout, which he was satisfied had not been there when the fish was 
taken out of the water. The fish having been rolling about in 
some leaves at the foot of a tree, gave him the notion that the effect 
might be photographic, arising from the sunlight having darkened 
the uncovered, but not the covered portions of the skin. With a 
fresh fish a serrated leaf was placed on each side, and the fish laid 
down so that the one side should be exposed, tlie other sheltered 
from light : after an hour or so the fish was examined, and a well 
defined image of the leaf was apparent on the upper or exposed 
side, but none on the under or sheltered side. There was no 
opportunity of further experiment ; but there seems little doubt of 
the effect l^ing photographic, or an oxidation or deoxidation of the 
tissue determined by light. 

Many important considerations might be suggested as dediicible 
from the above results, as to the influence of light on health, both 
that of vegetables and animals. The effect of light on the healthy 
growth of plants is well known ; and it is generally believed that 
dark rooms, though well heated and ventilated, are more “ close ’’ 
or less healthy than those exposed to light. When we consider the 
invisible phosphorescence which roust radiate from the walls and 
furniture, when we consider the effects of light on animal tissue, 
and the probable ozonizing or other minute chemical changes in the 
atmosphere effected by light, it becomes probable that it is far more 
immediately influential on the health of the animate world than is 
generally believed. 

The number of substances proved to be molecularly affected by 
light is 80 rapidly increasing, that it is by no means unreasoaiable 
to suppose that all bodies are in a greater or less degree chtnged 
by its impact. 

Passing now to the effects of Electricity, every day brings us 
fresh evidence of the molecular changes effected by this agent. The 
electric discharge alters the constitution of many gases across 
which it is passed ; and it was shown, that by passing it through 
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an attenuated atmosphere of the vapours of phosphorus, this element 
is changed by the electric discharge into its allotropic variety, which 
is deposited in notable quantity on the sides of the receiver. In 
this experiment, the transverse bands or striae discovered by Mr. 
Grove, in 1852, are very strikingly shown. Not only is the gaseous 
intermedium thus affected, but the terminals from which the dis- 
charge appears to issue, are disintegrated, and their molecules 
projected. Some tubes, through the interior of which Mr. Gassiot 
had passed tlie discharge from RuhmkorfTs coil for a considerable 
time, were shown to be coated in the interior, for a notable space 
around the negative terminal, with a deposit of platinum, forming 
a reflecting surface like the back of a looking-glass. The vacuum 
in these tubes was Torricellian, the tubes having been hermetically 
sealed after the descent of the mercury, so as to cut them off from 
the mercurial surface. In these cases the electric discharge passes 
from metal to metal ; but the glow which is seen on excited elec- 
trics, such as glass, was also shown by Mr. Grove to be accompanied 
with molecular change. Letters cut in paper, and placed between 
two well cleaned sheets of glass, formed into a Leyden apparatus 
by sheet**" tin foil on their outer surfaces, and then electrified by 
connexion for a few seconds with a Ruhmkorff coil, had invisible 
images of the letters impressed upon the interior surfaces, which 
were rendered \dsible by breathing on them ; and rendered visible, 
and at the same time permanently etched, by exposure, after elec- 
trization, to the vapour of hydrofluoric acid. 

So, again, if iodized collodion be poured over the surface of 
glass having the invisible image, and then treated as for a photo- 
graph, and exposed to uniform daylight, the invisible image is 
ultimately developed in the collodion film ; the invisible mole- 
ci^lar change having been conveyed to the collodion, and rendering 
it, when nitrated, more sensitive to light in the parts where it has 
been in proximity to the electrical impression, than in the residual 
parts. Here we have a molecular change, produced first by elec- 
tricity on the glass, then communicated by the glass to the collodion, 
then changed in character by light, and all this time invisible; 
and then rendered visible by pyrogallic acid, the developing 
chemical agent. Test papers between the plates of glass so elec- 
trized, show an acid, and also a bleaching re-action, probably due 
to the formation of nitrous acid and of ozone ; and thus evidencing 
a chemical change in the elastic intermedium, as well as in the 
bounding surfaces : but the interior molecules of the glass appear 
also to partake of the effect, as the impressions are reproduce in 
many cases on the opposite surface of the glass. 

Mr. Babbage had observed that some plates of glass which had 
formed the ornamented margin of an old looking-glass, and were 
backed by a design in gold leaf covered with plaster of Paris, 
showed, when this backing was removed by soft soap, an impression 
of the gold-leaf device, which was rendered visible by tlie breath on 
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the glass. Some of the plates had been kindly lent by him for this 
evening; and in one, Mr. Grove had removed a portion of the 
backing, and the continuation of the gilded design came beautifully 
out by breathing on the glass while in the frame of the electric 
lamp, and was projected (as were the previous electrical images) 
on a white screen. The effect on Mr. Babbage’s plates may be also 
electrical, arising from the gold— a good conductor — acting as pla- 
tinum does in the voltaic battery, and setting up a chemical action 
between the substance used for making the gold adhere and the 
glass, or between the constituents of the glass itself ; but it would 
be hazardous, without further experiment, to express any confident 
opinion on this point. 

Of the practical results to science of the molecular changes 
forming the subject of this evening’s discourse, a beautiful illustration 
was afforded by the photographs of the moon by Mr. Warren De la 
Rue, which gave, by the aid of the electric lamp, images of the moon 
of six feet diameter, in which the details of the moon’s surface were 
well defined, — the cone in Tycho, the double cone in Copernicus, 
and even the ridge of Aristarchus, could be detected. The bright 
lines, radiating Irom the mountains, were clear and distinct. A 
photograph of the planet Jupiter was also shown, in which the belts 
were very well marked, and the satellites visible. The following 
question was suggested by Mr. Grove. As telescopic power is 
known to be limited by the area of the speculum or object glass, 
even assuming perfect definition, as the light decreases inversely as 
the square of the magnifying power, a limit must be reached at 
which the minute details of an object become lost for want of light. 
Now, assuming a high degree of perfection in astroffbmical pho- 
tographs, these may be illuminated to an indefinite degree of 
brilliancy by adventitious light. With a given telescope, could ’a 
better effect be obtained by illuminating tiie photographic image, 
and ’applying microscopic power to that, than by magnifying the 
luminous image in the usual way by the eye-glass of the telescope ? 
Can the addition of extraneous light to the photograph permit a 
higher magnifying power to be used with effect than that which 
can be used to look at the image which makes the photographic 
impression ? In other words, is the photographic eye more sensitive 
than the living eye ; or can a photographic recipient be found which 
will register impressions which the living eye does not detect, but 
which, by increased light or by developing agents, may be rendered 
visible to the living eye? Much may be said, pro and row, on this 
question, and it probably can only be satisfactorily answered by 
experiment, when photographic science is sufficiently advanced. 

The phenomena treated of this evening, which are a mere selec- 
tion from a crowd of analogous effects, show that light and electri- 
city, in numerous cases, produce a molecular change in ponderable 
matter affected by them. The modifications of the sup))o6ed im- 
ponderables themselves have long been the subjects of investigation ; 



LIBRARY OF SCHENCE 26 1 

the recent progress of science teaches us to look for the reciprocal 
eifects on the matter affected by them. 

Gases which have transmitted light are altered; as, for example, 
chlorine is rendered capable of combining directly with hydrogen ; 
liquids are altered, peroxalate of iron is chemically changed, and 
gives off carbonic acid ; and the light which has proihmed these 
effects is less able to produce them a second time, i^lids are 
altered, as shown in the extensive range of photographic effects. 
So with electricity ^ — compound ga-^es are changed chemically, as 
ammonia or atmospheric air ; elementary ^ases are changed allo- 
tropically, as phosphorus vapour, or oxygen ; liquids are changed, 
as in the decomposition of water and other electrolytes ; and solids 
are changed, as in the projection of the particles of the terminals, 
and the impressions on the surfaces of electrics, shown this evening. 
Frictional electricity may itself be due to the rupture of cohesion 
between dissimilar molecules ; at all events few, if any, electrical 
eflects have not been proved to be accompanied with molecular 
changes; and we are daily receiving additions to those produced 
by light. So, again, iron, and other bodies, have their molecular 
structure ciiangcd by magnetism. Chemical affinity is^ universally, 
and heat generally, admitted to be an affection of ordinary matter. 
Mr. Grove feels deeply convinced that a dynamic theory, one which 
regards the imponderables as forces acting upon ordinary matter 
in different states of density, or as modes of motion, and not as 
fluids or entities, is the truest conception which the mind can form 
of these agents ; but to those who are not willing to go so far, 
the ever increasing number of instances of such molecular changes 
affords a boundless fleld of promise for future investigation, for 
new physical discoveries and new practical applications. 

The permanency of such changes also gives valuable means of 
reading, in the present state of matter, its past history ; final or 
absolute knowledge on such subjects we cannot hope to obtain, but 
relative or approximate knovrledge is as unlimited as is the degree 
of improvement in the powers attainable for its acquisition. 

Note , — Since the above was written, the author has observ^ed a 
case of molecular action which, in some respects, goes further than 
any yet recorded. lie happened to procure a small Galilean tele- 
scope, or perspective glass, by Dollond, inches focus, and l^j^^ths 
aperture, of which the tripod stand was so arranged as to fold up 
and pack into the tube. When so packed it terminated opposite the 
object glass in a disc of brass, in the centre of which was an aper- 
ture ^ths of an inch diameter, and in the centre of this the end of 
an iron screw, of i^^ths of an inch. The distance of the perforated 
disc from the inner surface of the object glass was Jth of an inch. 
The impression of this disc and of the central pivot w^ delicately 
etched on the glass; the polished surface ^ing disintegrated 
opposite the brass and iron, an annulus^ opposite the space between 
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these, retaining its polish. The molecular change is extremely 
delicate, and can only be seen in certain inclinations to the light ; 
it does not seem to aflTect the performance of the glass. Dollond 
died in 1761 ; but whether made by him or his son, the instrument 
bears internal evidence of being very old ; and was represented as 
having been 40 years in the shop where it was bought. We have 
therefore an experiment of very long duration, and which presents 
these remarkable points : Ist, There is a notable distance between 
the radiating surfaces. 2ndly, The impression is permanently 
etched, and not capably of being removed by any cleaning of the 
surface. It would be out of place in this note to enter on the 
theoiy of this effect. 

[W. R. G.] 



Friday, February 12. 


II.R.H. The Prince Consort, K.G. D.C.L. F.R.S. Vice-Patron, 

in the Cliair. 

Professor Faraday, D.C.L. F.RJS. 

Remarks on Static Induction* 

The object of the speaker was to give to the Members of the Royal 
Institution a simple reference to the production and nature of the 
static phenomena of electricity ; evSpeeially in respect of induction, 
into which indeed they all resolve themselves. When flannel, 
shell-lac,- rnetal, and sulphur, are any two of them rubbed together 
they become electrified in the well-known manner *, and in such order 
that any one of them becomes negative to those which precede it 
in the list, or positive to those which follow. Thus, metal becomes 
negative to shell-lac, and positi\e to sulphur; and as either of 
these substances can be employed in the investigation of the fun- 
damental principles of induction, this difference is important in 
some of the methods of examining by the electrometer their 
temporary or permanent stale. If a stick of shell-lac have a 
flannel cap fitted to one extremity, both being unexcited, and these, 
either separate or associated, be examined by the gold-leaf electro- 
meter, they will sliow no signs of electricity. If the cap. grasped 
by the liand, be turned round on the shell-lac with friction, but left 
ill its place, the associated substances will still show no signs of 
electricity. If separated, each will show a strongly excited state 
opposite to that of the other. If one be laid on the cap of the 
electrometer (the gold leaves of "which wx're 7 inches long and 
li inches wide, with perfect insulation) it will show a highly 
excited state ; if the other be gradually brought near, and finally 
placed by the side of the first, all the electric signs will disappear, 
to reappear when the separation is again jiroduced. The experi- 
ment presents a type case of excitation and induction. By the 
friction together tlie opposite ele<*tricities are excited ; they then 
exist and keep their state by mutual induction ; they are perfectly 
e(|uivalent to each other, and hold their existence by this definite 
and relative equivalency ; for one electricity cannot exist by itself. 
They show no external signs of electricit} whilst the forces are 
related only to each other, but wlieii the two bodies in w’hich the 
states are located are separated, then this relation is not exclusive, 
but by so much as the induction is diminished between the tw^o sub- 
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stances, it is thrown in other directions ; as towards the electrometer, 
or the walls of tlie room. When one is carried into a separate 
room, or put into a vessel of conducting matter, then the excited 
bodies become independent of each other ; each has raised up an 
exactly equal amount of the contrary force by action terminating at 
a distance, according to the laws of ordinary ^induction. The power 
exerted by each excited body in this distant action maybe expressed 
by the term, lines of force. These lines, or the force they represent, 
are sustained, so long as they are contained in or pass through an 
insulating medium. They continue, until meeting with conducting 
matter they evolve the contrary state to that at which they originate, 
and in the equivalent proportion, and so terminate the insulation ; 
or failing that, they continue their course outwards If it were 
possible to place the «!xcited shell-lac in the centre of an almost 
infinite extent of insulating medium, the lines of force would be as 
infinitely extended from it. If the power at any section of the 
whole of the lines of force could be compared with that at any other 
section, they would be found equal to each other ; though one 
section might be close to the shell-lac, and the other at an infinite 
distance. If there were no conducting matter at the boundaries of 
the insulating space above supposed, the shell-lac could not exist 
independently in the excited state: it would then keep its lines of 
force altogether turned upon the body by which it had first been 
excited, the induction between the two being sustained by their 
reciprocal action, without which electricity could neither be excited 
nor exist. Such are some of the consequences which follow in- 
evitably upon the laws of static induction, combined Aifith the law 
of the conservation of force. 

But if this function of induction be so essential to the very exist- 
ence of electricity iti its devehiped or active state, what is its 
nature? It acts through distance and across intervening bodies : 
how are the space and the bodies affected ? In all actions at a dis- 
tance it is most important to ascertain, if possible, what occurs in tlie 
intervening medium, or the interposed space ; whether the investi- 
gation ends in the establishment of a j)articular process for the 
particular case, or the reference of the process to any more general 
mode of action representing all cases of distant action. 

Induction acts across any insulating body, whether it be solid, 
fluid, or gaseous. Common air is coucenied in most inductive 
actions, but being mobile, its particles cannot be retained in a 
given place, position, or state, so HvS to allow of close examination. 
Sulphur and shell-lac are excellent bodies as subjects of investigation, 
the moie especially as their specific inductive capacity i$ about 
twice that of stir ; and being solid bodies, their superficial or bound- 
ing particles can be thrown into a given state, yet preserved in 
their place to be examined with the purpose of showing what tliat 
state is. If a round plate of metal, 9 inches in diameter, be set 
up vertically in the air and insulated, and a like plate of good gutta- 
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percha raised on an insulating pillar be placed parallel to and about 
9 inches from it ; then, upon exciting the gutta-percha, strong 
induction occurs. The gutta-percha presents the inductric, the 
copper plate the inducteous, surfaces which limit the field of induc- 
tion, which field supplies an excellent place for experiment. The 
gutta-percha should be excited by a piece of close broad cloth, free 
from loose particles, and all dust, or other sources of convective 
effects should be avoided. Plates of sulphur, about 3 or 4 inches 
square, and 1 inch thick, may be employed as the inductive 
medium, and these having white silk loops introduced into he 
edges when cast, may, by the further use of white silk slings, be 
suspended or handled with perfect facility. Some discs of stiff 
paper, gilt on both sides, being attached at the edge 10 thin stems 
of shell-lac, are thus well insulated, and serve either as metallic 
plates or carriers. 

It is almost impossible to take a block of sulplmr out of paper, 
or from off the table without finding it electric ; if, however, a small 
spirit-la mj) flame be )noved for a moment before its surface at about 
an inch distance, it will discharge it perfectly. Being then laid on 
the cap ot the electrometer it will probably not cause divergence of 
the gold leaves ; but the proof that it is in no way excited is not 
quite .secure until a piece of uninsulated tinfoil or metal has been 
laid loosely on the upper surflice. If there be any induction across 
the suljdiur, due to tlie feeble excitement of the surfaces by oppo- 
site electricities, such a process will reveal it : a second application 
of the flame will remove it entirely. When a plate of sulphur is 
excited on one side only, its application to the electrometer docs not 
tell at once which is the excited side. With either face upon the 
cap the charge will be of the same kind, but with the excited side 
downwards the divergence will be much, and the application of the 
uninsulated tinfoil to the top surface will cause a moderate diminu- 
tion, which will return as the tinfoil is removed ; wliereas, with the 
excited .side upw'ards, the first divergence of the leaves will be less, 
and the application of the tinfoil on the top will cause considerable 
diminution. I'he approximation of the flame tov/ards the excited 
side will discharge it entirely. The application near the unexcited 
side will also seem partly to discharge it, for the effect on the elec- 
tn)ineter will be greatly lessened ; but the fact is, that the flame 
will have charged the second surface with the contrary electricity. 
AVhen therefore the originallv excited surface is laid down upon the 
Ciip of the electrometer, a diminished divergence will be obtained, 
and it is only by the after application of uninsulated tinfoil u[)on 
the upper surface that the full divergence due to the lower surface 
is obtained. 

Being aware of tbe,se points, wbicb are necessary to safe manipu- 
lation, and proceeding to w'ork with a plate of sulphur in the field of 
induction before described, the following results are obtained : A 
piece of uncharged sulphur being placed in the induction field parallel 
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of course to the gutta-percha and copper -plates, and retained there, 
even for several minutes, provided all be dry and free from dust and 
small particles, wlien taken out and examined by the electrometer, 
either without or with the application of the superposed tinfoil, is 
found without any charge. The gilt plate carrier before described, if 
introduced in the same position and then withdrawn is found en- 
tirely free of charge. If the sulphur plate be in place, and then 
the carrier be introduced and made to touch the face of the sulphur, 
then separated a small space from it, and brought away and exam- 
ined, it is found without any charge ; and that whether applied to 
either one side or the other of the block of sulphur. ISo that any 
of these bodies, which may have been thrown into a polarized or 
peculiar condition whilst under the induction, must have lost that 
state entirely when removed from the induction, and have resumed 
their natural condition. Assuming, however, that the sulphur had 
become electrically polarized in the direction of the lines of in- 
duction, and that therefore whilst in the field one face was positive 
and the other negative, the mere touching of two or three ix)ints by 
the gold-leaf carrier would be utterly inefficient in bringing any 
sensible portion of this charge or state away ; for though metal can 
come into conduction contact with the surface particles of a mass of 
insulating matter, and can take up the state of that surface, it is 
only by real contact that this can be done. Therefore the two 
sides of a block of sulphur were gilt by the application of gold 
leaf on a thin layer of varnish, and when the varnish was quite dry 
and hard this block was experimented with. Being introduced into 
the induction field for a time and then brought away, it, was found 
free from charge on both its surfaces ; being again introduced, and 
the carrier placed between it and either the gutta-percha or the 
copper-plate, but not touching these or the sulphur, the carrier 
when, brought away showed no trace of electricity. The carrier 
being again introduced at the inductive or gutta-percha side, made 
to touch the gilt surface of the sulphur on that side, separated a 
little way and then brought out to be examined, gave a positive 
charge to the electrometer : when it was taken to the other side of 
the sulphur and applied in the same manner, it brought away a 
negative charge. Thus showing, that whilst the sulphur was under 
induction, the side of it towards the negative gutta-percha Wiis in 
the positive state, and the side towards the positive inducteous 
surface of copper bounding the extent of the induction field, was 
in the negative state. Thus the dielectric sulphur whilst under 
induction is in a constrained polar electrical state, from which it 
instantly falls into an indifferent or natural condition the moment 
the induction ceases, either by the removal of the sulphur pr the 
gutta-percha. That this return action is due to an electrical tfeiKsion 
within the mass, sustained while the act of induction continues, is 
evident by this, that if the carrier be applied two or three times 
alternately to the two faces, so as to discharge in part the electricity 
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they show under the induction, then on removing the sulphur from 
the induction field it returns, not merely to neutrality or indifference, 
but the surfaces assume the opposite states to what they had before ; 
a necessary consequence of the return of the mass of inner particles 
to or towards their original condition. 

The same result may be obtained, though not so perfectly, with- 
out the use of any coatings. Having the uncoated sulphur in its 
place, put the small spirit lamp between it and the copper-plate ; 
bring up the excited gutta* percha to its place, remove the spirit- 
lamp flame, and then the gutta-percha, and finally, examine the 
sulphur : the surface towards the flame, and that only, will be 
charged — its state will be found to be positive, just like the same 
side of the gilt sulphur which had been touched two or three times 
by the carrier. During the induction, the mass of the sulphur had 
been polarized ; the anterior face had become positive ; the pos- 
terior had become negative ; the flame had discharged the negative 
state of the latter ; and then, on relieving the sulphur from the 
induction, the return of the polarity to the normal condition had 
also returned the anterior face to its proper and unchanged state, 
but liaJ "Ciiused the other, which had been discharged of its tem- 
porary negative state whilst under induction, now to assume the 
positive condition. It would be of no use trydng the flame on the 
other side of the sulphur plate, as then its action would be to dis- 
charge the gutta-percha, and destroy the induction altogether. 

When several plates were placed in ^he inductive field apart 
from each other, subject to one common act of induction, and 
examined in the same manner, each was found to have the same 
state as tlie single plate described. It is well known that if several 
metallic plates were hung up in like manner, the same results would 
be obtained. From these and such experiments, the speaker took 
occasion to support that view of induction which he put forth twenty 
years ago,* which consists in viewing insulators as aggregates of 
particles, each of which conducts within itself, but does not conduct 
to its neighbours, and induction as the polarization of all those 
particles concerned in the electric relation of the indw4Ctric and in- 
ductcous surfaces ; and stated, that as yet he had not found any 
facts opposed to that view. He referred to specific inductive capa- 
city, now so singularly confirmed by researches into the action of 
submarine electro-telegraphic cables, as confirming these views ; 
and also to the analogy of the tourmaline, whilst rising and falling 
ill temperature, to a bar of solid insulating matter, passing into and 
out of the inductive state. 


[M. F ] 


Phil. Trans., 1837. 
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Professor Faraday, on, Static Induction, 


{Additioji to the Refort of the \2th of February?^ 

The inquiries made by some who wish to understand the real 
force of the lest experiments relating to static induction, brought 
forward on tlie above date (page 470,) and tlieir consequences in 
relation to the theory of induction, make me aware that it is 
necessary to mention certain precautions which 1 concluded would 
occur to all interested in the matter : I hope the notice I propose to 
give here will be sufficient. When metallic coatings or carriers 
are employed for the purpose of obtaining a knowledge of the 
state of a layer of insulating particles, as those forming the surface 
of a plate of sulphur, it is very necessary that they should exist in 
a plane perpendicular to the lines of the inductive force, and in a 
field of action where the lines offeree are sensibly equal. Hence 
the importance of the dimensions given in the description of the 
apparatus at page 472 of the report of the evening, when the induc- 
tive surfaces are described as 9 inches in diameter, and 9 inches 
apart. The inductive surface there mentioned is a plane : a ball 
cannot properly be used for this purpose ; for the lines of inductive 
force originating at it cannot then be perpendicular to tlie layer of 
gold-leaf forming the coating of the sulphur. The consequence 
would be that this layer of gold being virtually extended along the 
lines of inductive force, i.e, having parts nearer to and parts more 
distant from the inductric, will be })olarized according to well- 
known electrical actions, will have opposite states at those })arts , 
will show these states by a carrier, and will give results not belong- 
ing merely to insulating particles in a section across the lines, 
but cliiefly to united conducting particles in a section oblicpie to or 
along the lines. 

The carrier itself must be perfectly insulated the whole time, or 
else a aise of induction, not including the sulpliur, and entirely 
different to that set out with is established. It must not even 
extend by elongation into tmrts of the field of imliiction where the 
force differs in degree; or else errors (d‘ the same kind as those 
described with tlie ball inductric will occur. It should also be 
so used as to receive no charge by convection. \\ hen introduced 
between the inductiic and the suljihnr, it is very apt, if the charge 
be high, or if particles adhere to the inductric, to n'reive a charge. 
I’his is easily tested by introducing the carrier into its place, 
abstaining from touching the gold-leaf, witlidraw ing the carrier, and 
examining it : it is not until this can be done without bringing away 
any charge that the carrier should he employed to touch the gold- 
leaf surface, and bring away the indication of its electrical state. 

As before said, if when the state of matters is [K?rfect, and no 
convection interferes, tin* gilt snlplinr be put into its ))lace, left 
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there for a short time, and brought away again, it will be found 
without any charge either of the gold-leaf coating or the sulphur. 
If it be put into place, the coating next the inductric be uninsulated 
for a moment only, and the plate brought away, that coating will 
then appear positive. If it be put into place and the further gold- 
leaf be uninsulated for a moment, that coating when the plate is 
brought away will be found negative. These are all well known 
results, and will always appear if convection and other sources of 
error be avoided. 

22ndMarch, 1858. M. F. 



Friday, May 28. 


William Robert Grove, Esq. M.A. Q.C. F.R.S. Vice-President, 

in the Chair. 

Professor E. Frankland, F.R.S. F.C.S. 

LECTDREH on chemistry at ST. IVABTHOLOMEW’e HOSPITAL. 

On the Production of Organic Bodies without the agency of 

Vitality, 

The earlier researches of chemists brought them into contact with 
two classes of bodies, distinguished from each other by well-marked 
and obvious peculiarities. One of them was met with in the inani- 
mate or mineral kingdom, the various materials of which were 
distinguished by their comparative stability or resistance to change, 
and by the facility with which the greater number of them could 
be artificially produced from the elementary bodies composing 
them. The other class of bodies was found exclusively in the 
animate portion of creation, or was directly derived from the pro- 
ductions of the organs of plants and of animals : these compounds 
were distinguished by their proneness to undergo change, and by 
the impossibility of producing them by artificial means. By no 
processes then known to chemists, could the elements composing 
these latter bodies be inade to unite, so as to produce compounds, 
either identical with, or analogous to, the substances generated by 
the organs of plants and of animals. These substances were con- 
sequently, from their origin, termed organic bodies or organic 
compounds. They were regarded as dependent for their origin, 
upon the influence of that aggregate of conditions sometimes called 
vital force; and it was generally believed, that we should never 
succeed in producing these bodies artificially, until we could form, 
and endow with vitality, the organs from which they were derived. 

Such was the state of knowledge and opinion until the year 
1828, when Wohler succeeded in artificially producing urea, a body 
which had up to that time been known only as a product of the 
animal organism.* This discovery was followed many years later 
by the artificial formation of acetic acid, which was produced by 
Kolbe from a mixture of protochloride of carbon, water, and 
chlorine exposed to sunliglit, the chloracetic acid thus obtained 


* The artificial formation of urea from cyanate of ammonia was exhibited 
under the influence of polarised electric light. 
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being afterwards converted into acetic acid by an amalgam of 
potassium. The subsequent production of methyl by the same 
chemist from acetic acid, added one of the organic radicals to the 
list of compounds producible from their elements. Although little 
further progress was made for several years in this department of 
chemical research, yet the artificial production of urea and acetic 
acid, together with their derivatives, completely broke down the 
barrier between ao>called “ organic ** and “ in-organic ” bodies ; 
and although the name “ organic '' was still retained for the class 
of bodies to which it had previously been assigned, it was now 
obviously no longer strictly applicable. 

The recent ingenious researches of M. Berthelot have greatly 
extended this branch of chemical enquiry, and have, in a most im- 
portant degree, increased the number of bodies capable of artificial 
formation. The production of chloride of methyl and the members 
of the olefiant gas family up to amylene (Cio H|o) furnish us with 
the whole series of alcohols and their derivatives, from amylic 
alcohol downwards. Phcnylic alcohol and naphthaline, both artifi- 
cially produced by Berthelot, yield a host of interesting bodies; 
whilst phenylcjirbamic acid enables us to step from the phenylic to the 
salicylic group, since, when treated with hyponitrous acid, it yields 
salicylic acid. Lastly, M. Berthelot has succeeded in artificially 
forming glycerine, the basis of animal and vegetable oils and fats, 
and also in forming grape sugar ; the latter however is obtained by 
the contact of glycerine with putrifying animal matter, and conse- 
quently cannot be said to be produced altogether without the agency 
of vitality ; although the putrifying organic matter contributes none 
of its constituents to the new compound, and does not undergo any 
appreciable change in weight or appearance during the process. 
These substances yield such a numerous class of derivatives that 
upwards of 7(X) distinct organic compounds can now be produced 
from their elements without the agency of vitality. 

The processes employed for the artificial production of these 
bodies, though deeply interesting, present, with o* e or two excep- 
tions, little or no analogy to the natural mode by which organic 
compounds are formed in the tissues of plants ; but the speaker 
endeavoured to show, that a close attention to the nature of the 
inorganic materials assimilated by the vegetable kingdom, and their 
relations to the more important organic compounds derived from 
plants, leads to the belief, that such compounds can be successfully 
produced by processes strictly analogous to those employed by 
nature. He contended that the constitution of the so-called organo- 
inetallic bodies, in wliich the production of complex organic com- 
pounds from inorganic ones by the replacement of elements by 
organic groups, can be so clearly traced, afforded a valuable clue to 
the formation of organic bodies in general, and led directly to the 
conclusion, that if the organic compounds of the metids be formed 
upon the model of the oxides of the respective metals, the organic 
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compounds of carbon (that is, all organic compounds) are formed 
upon the model of the oxides of carbon. 

Jt has long been known, that with slight and unimportant excep- 
tions, the only materials employed by nature in the construction of 
tlie most complex organic compounds, are carbonic acid, water, 
ammonia, and nitric acid. The fact that a vast number of organic 
compounds are cast in the molecular mould of water, has been 
proved by the ingenious researches of Williamson and Gerhardt ; 
whilst the wouderful fertility of the ammonia model luis been amply 
demonstrated by the labours of Hofmann and Wurtz. It would also 
not be difficult, to prove the claim of nitric acid to be considered as 
a third model, upon which a number of other organic compounds 
are built up ; but it was necessary to confine attention on the pre- 
sent occasion to the consideration of carbonic acid only, as a 
model upon which a very large number of organic bodies are 
formed. 

Guided by the constitution above referred to, of the organo-metal- 
lic bodies, and bearing in mind the rejdacibility of the oxygen in 
water and binoxide of nitrogen, and the chlorine in terchloride of 
phosphorus, by organic radicals ; Professor Kolbe and the speaker 
were led to the following hypothesis regarding the constitution of 
several important classes of organic compounds. 


1. The replacement of one atom of oxygen in carbonic acid by 
hydrogen, or its homologues, produces an organic acid, either of 
the fatty or of the aromatic series, thus ; — 


Carbonic Acid. 

O 


Acetic Acid. 



(C* II3) 
o 
o 
o 


Benzoic Aci4k 


c. 


1 (C\, H,) 

J ^ 

I 

( o 


2 . The like replacement of two atoms of oxygen in carbonic 
acid, produces either a ketone, or an aldehyde, thus : — 


Carbonic Acid. 


Acetone. 


c. 


Oil of Bitter Almonds. 

Cu H. 

H 
O 
O 

3 . The like replacement of three atoms of oxygen in carbonic 
acid, produces an ether, thus ; — 




(C. 11 ,) 

1 c. H, 


0 

C.. 

J 

(C. II,) 

0 

C ) II 
’"M 0 

c. 

0 

1 

[ 0 

0 



Carbonic Acid. 
O 


c. 


o 

o 

o 


Vinic Ether. 

c. II3 
II 
H 
O 


C. 



I IBKARV or SCIKNCK 


273 


4. The like replacement of all the atoms of oxygen in carbonic 
acid, produces a radical, a hydride of a radical, or a double radical, 
thus 


Hydride of Methyl. 

Carbonic Acid. Ethyl. (Fire damp.) 


1 0 

1 c. H» 


H 


j 0 

1 C 

c 

\ II 


H 

1 

c, ■ 

1 0 

1 c, II» 


1 H 



Methyl-ethyl. 
C. Ha 
H 
H 

a Hs 


The authors of this hypothesis now attempted to verify it by 
direct experiment. They endeavoured to avail themselves of the 
powerful affinities of zinc-ethyl, in order to effect the substitution of 
oxygen in carbonic acid, and sulphur in bisulphide of carbon, 
by ethyl ; these attempts were, however, at best only partially suc- 
cessful ; the re-agent, the zinc-ethyl, was not sufficiently powerful to 
rival the action of plants in the decomposition of carbonic acid ; and 
its effects upon bisulphide of ciirbon resulted in the production 
of a number of organic bodies containing sulphur ; and although one 
of IIkso appeared to have the formula of sulphopropionic acid 
(C« H 5 S 3 + 11 S), yet its complete separation and purification pre- 
sented such difficulties, that it would have been hazardous to rely 
upon it as a proof of the correctness of their hypothesis. In short, 
the verification of these views was not permitted to their authors, 
but was reserved for Mr. Wanklyn, who, in his newly-discovered 
sodium and potassium compounds of the organic radicals, came 
into possession of re-agents, which enabled him at once to effect the 
desired substitutions. Ilis memoir on tlie production of propionic 
acid by the action of sodium-ethyl upon carbonic acid,* which has 
just been communicated to the Chemical Society, proves the first 
proposition of a hypothesis, which considerably simplifies our views 
of the molecular structure of organic bodies, and whicli, if proved 
to be throughout correct, cannot fail to enable us greatly to increase 
the number of organic compounds capable of being procured from 
their elements without the intervention of vitality. 

The speaker then referred to the following list of important 
organic bodies, selected from the large number above spoken of, as 
being capable of artificial formation from their elements : — 


Name, Formula. 

Oxalic Acid (Cg Os, H 0)a 

Hydrocyanic Acid Cg N, H 

Light Carburetted Hydrogen . . • Cg H 4 

Urea •••••••••■ Cg Ng II 4 Og. 

Formic Acid (Acid of Ants) . . • Cg H Os, H 0. 


* This conversion of carbonic acid into propionic acid, was experimentally 
demonstrated, and the remarkable properties of sodium-ethyl and potassium- 
ethyl were also exhibited. 
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Chloroform ..•••••• 

Acetic Acid 

Alcohol • 

Ether 

Olefiant Gas 

Acetic Ether 

Oil of Garlic 

Oil of Mustard 

Glycerine ........ 

Butyric Acid 

Pine Apple flavour (Butyric Ether) . 

Succinic Acid 

Valerianic Acid 

Pear flavour (Acetate of Amyl) 

Apple flavour (Valerianate of Amyl) • 

Lactic Acid 

Grape Sugar? 

Caproic Acid 

Benzole 

Nitrobenzole 

Aniline 

Phenyl Alcohol (Creosote) • • • • 

Picric Acid • 

Salicylic Acid 

Salicylate of Methyl (Oil of Wintergreen) 
Naphthaline 


C, H CIb. 

C 4 IIb Oa, H O. 

C 4 Hb O, H O. 

(C4 IIb O),. 

C 4 H 4 . 

C 4 H 5 O, C 4 Hs 0„. 
(Ca Hb S)b. 

Ca IIb S, C. N S. 

Ca He Oa. 

Cb H 7 Ob, H O. 

Cb H, O 3 , C 4 IIb O. 

Cb H 4 Oa, 2 H O. 

Cio lie Ob, II O. 

C 4 Ha Ob, C,a Hn O. 
C.0 IlBOa,C,o H „0 

CiB Hi 2 Oif. 

Gi* Hx 2 O 12 . 

C« H„ Oa, II O. 

0,2 Ha. 

C ,2 Hb N O 4 . 

N (C, 2 Hb) H*. 

C,a Hb O, H O. 

0,. H2(N 04). 0,110. 
Cu Hb Ob, H O. 

Cu Hb Ob, Cb H 3 0. 
Cbo Ha. 


The artificial formation of urea, lactic acid, and caproi?^acid, is 
interesting in connection with certain functions of the animal eco- 
nomy. ]*ine-apple oil,- pear oil, and apple oil, are instances of the 
artificial production of the delicate flavours of fruit, whilst oil of 
wintergreen and riitrobenzole are like examples of the formation of 
esteemed perfumes. Jhit of all the bodies hitherto thus produced, 
alcohol, glycerine, and sugar, are undoubtedly the most deeply 
interesting, owing to the part they take in the nutrition of animals : 
they prove to us the possibility of producing, without vegetation or 
any vital intervention, an important part of the food of man. 
Should the chemist also succeed in forming artificially the nitro- 
genous constituents of food, without which life cannot be main- 
tained, it would then be possible for a man, placed upon a barren 
rock, and furnished with the necessary apparatus and inorganic 
materials, to support life entirely without either animal or vegetable 
food. No one of these nitrogenous constituents has however yet 
been artificially produced, and the absence of all clue to their 
rational constitution forms at present a formidable barrier to their 
non-vital formation. 

It would be difficult to conclude a subject like the present, with- 
out any notice of the considerations which naturally suggest them- 
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selves, regarding the possibility of economically replacing natural 
processes by artificial ones in the formation of organic compounds. 
At present, the possibility of doing this only attains to probability 
in the case of rare and exceptional products of animal and vegetable 
life. Thus valerianic acid, which for a long time was extracted 
from the root of the Valeriana officinalis^ could now probably l>e 
more cheaply prepared from its elements ; but a still cheaper source 
of this acid has been in the meantime discovered, viz. the oxidation 
of amylic alcohol, a waste product formed in the manufacture of 
spirit of wine, and obtainable at such a moderate cost as to prevent, 
in an economical point of view, the successful production either of 
amylic alcohol or valerianic acid by any artificial and exclusively 
non-vital processes at present known. It is also highly probable, 
that if we could produce artificially such bodies as quinine and the 
rare alkaloids, or alizarine and similar powerful and valuable 
organic colouring matters, we should be able to compete with 
organic life in the formation of these bodies; nevertheless, the 
discovery of the processes of artificial formation would doubtless be 
preceded by a knowledge of methods, by which such rare bodies 
could be produced from more abundant, and consequently cheaper 
forms of vegetable or animal matter ; and it is therefore exceed- 
ingly improbable, that any purely non-vital process will be suc- 
cessfully, and at the same time economically employed for the 
manufacture even of such rare and valuable vital products. Such 
being the economical bearings of the case with regard to the rare 
and exceptional educts of vitality, when we turn to consider the 
great staple products of the animal and vegetable kingdoms, the 
hope of rivalling natural processes becomes faint indeed. By no 
processes at present known could we produce sugar, glycerine, or 
alcohol from their elements, at one hundred times their present 
cost, as obtained through the agency of vitality. But. although 
our present prospects of rivalling vital processes in the economi- 
cal production of staple organic compounds, such as those **onstitut- 
ing the food of man, are so exceedingly slight, yet it would be 
rash to pronounce their ultimate realization impossible. It must 
be remembered, that this branch of chemistry is as yet in its 
merest infancy, and that it has hitherto attracted the attention of 
few minds; and further, that many analogous substitutions of 
artificial for natural processes have been achieved. Thus, under 
certain circumstances, we find it less econon)ical to propel our ships 
by the force of the wind, and our carriages by animal power, than 
to employ steam jmwer for these purposes. e do not find it 
desirable to wait for the bleaching of our calicoes by the sun's rays ; 
and even the grinding of corn is no longer entirely confided to 
wind and water power. 

In such cai>es, where contemporaneous natural agencies have been 
superseded, we have almost invariably drawn upon tliat grand store 
of force collected by tiic pi an t^» of bygone iiges, ftnd conser\ed in 
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our coal fields. It is the solar heat of a past epoch that furnishes 
the power which we now utilise in our steam-engines. One im- 
portant element in cheap production is iime^ and it is precisely in 
regard to this element, that we economically supersede, in the 
above instances, the contemporary resources of nature. Now time 
is also an important element in the natural production of food ; 
and although it is true, that the amount of labour required for the 
production of a given weight of food is not considerable, yet it is 
nevertheless true that this weight requires a whole year for its pro- 
duction. By the vital process of producing food we can only have 
one harvest in each year. But if we were able to form that food 
from its elements without vital agency, there would be nothing to 
prevent us from obtaining a harvest every week ; and thus we might, 
in the production of food, supersede the present vital agencies of 
nature, as we have already done in other cases, by laying under 
contribution the accumulated forces of past ages, which would thus 
enable us to obtain in a small manufactory, and in a few days, 
effects which can be realized* from present natural agencies, only 
when they are exerted upon vast areas of land, and through con- 
siderable periods of time. 

[E. F.] 



Friday, January 28. 

Sir Henry 1Iollani>, Bart. M.D. F.R.S. In the Chair. 

W. R. Grove, Esq. Q.C. F.R.S. KP.R.L 

Oh ihc Electrical Discharyey and its Stratified Appearance in 
Rarefied Media. 

Few subjects of physical investig«atiori possess greater interest than the 
electrical discharge ; its brilliant effects and mysterious characteristics 
ofler powerful stimuli to curiosity and enquiry. The speaker proposed 
first shortly to sUite the extent of knowledge we possess respecting it; 
then to pass to certain peculiar phenomena first discovered by him iq 
1852, and subsequently experimented on by others, and most elabor- 
ately by hir. Gassiot ; and then to offer an opinion as to their cause 
or ratioiiilc. 

The best mode of examining and attempting to explain the electrical 
discharge is to compare it with its nearest analogue flame, to which one 
form of the discharge, viz, tlie Voltaic arc, has much seeming resem- 
blance. The flame of a common candle results, as is well known, from 
the chemical combination of carbon and hydrogen with the oxygen of 
tlie air ; and the combustion is most brilliant w'here the heated gases 
and particles are in proximity to the oxygen. It forms a hollow cone, 
as the oxygen of the air, being consumed or combined into water and 
carbonic acid at the exterior portion, cannot reach the interior : the 
course of the currents of heated air, and the particular form of this 
hollow cone of flame, are beautifully shown by the refraction it pro- 
duces oil a more brilliant light, such us that of the electric lamp ; the 
flame issues from a single nucleus, the wick ; and the amount of heat 
])roduced is definite for a definite amount of chemical combination. 

In the Voltaic arc there are two points or foci; the pillar terminals 
there undergo a change, but not a consumption equivalent or nearly 
so to the heat and light produced ; but if the consumption of the zinc 
or the quantity of it combined with oxygen in the cells of the battery 
be compared with the amount of heat generated in the arc, plus that in 
the cells of the battery and conducting wires, the same amouut of total 
heat will be found to be developed as if tlie same quantity of zinc 
w^ere simply burned in oxygen. 

By subdividing more and more the plates of the voltaic battery and 
proportionately increasing their number, we gradually increase the 
length and diminish the volume of the arc until at length we arrive, 
as in the voltaic columns of De Luc and Zamboni, at the electric 
spark. 

The spark from a RulimkorflT coil was projected on a screen by the 
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electric lamp, and the impression contrasted with that of the flume of 
a candle ; in the former two cones are seen to issue from the terminals 
instead of the single one of the latter, one being more powerful, and 
overcoming or beating back the other ; and this effect is reversed as 
the direction of the current is reversed. 

In all cases hitherto observed there is a dispersion or projection of 
a portion of the terminals ; this takes place in all forms of electric dis- 
ruptive discharge, whatever be the materials of which the terminals 
are composed. In the voltaic arc there is a transmission of matter, 
principally from the positive, which is the more intensely heated, to 
the negative terminal ; in the spark from the Ruhmkorff coil the dis- 
persion is principally, and in some cases appears to be entirely, from 
the negative terminal, while this is now the more intensely heated. 

In addition to this, there is generally, but not always, a change 
produced in the medium across which the discharge passes ; compound 
liquids, vapours, and gases are decomposed, and even elementary gases 
are allotropically changed. There is also a polar condition of the 
electrical discharge, which produces the converse chemical effects at 
each pole — effects described by Mr. Grove in a paper in the Philo- 
sophical Transactions for 1852, and subsequently shown at an evening 
meeting of this Institution. 

Gases offer a powerful resistance to the passage of the discharge, 
but this resistance is diminished as the gases are rarefied ; and a dis- 
charge which would not pass across a space of half an inch in air of the 
ordinary density will pass through several feet in highly attenuated air. 

In experimenting on the passage of the discharge through the 
vapour of phosphorus in 1852, Mr. Grove observed for the first time 
that the discharge was traversed by a number of dark baii3s or strise. 
At first he was disposed to attribute this phenomenon to some peculi- 
arity of the medium ; but on trying good vacua of other vapours and 
gases, he found the striae were in all cases visible, and seemed to 
depend on the degree of rarefaction of the gas. Many subsequent 
experiments have been made by himself and others on the subject, and 
more particularly by Mr. Gassiot; and the extent of knowledge we 
have acquired upon this still mysterious phenoiiicnon was now discussed 
and illustrated. 

In the vapour of phosphorus the striae generally exhibit themselves 
like narrow ruled lines, about 0*05 iucli diameter, transverse to the 
line of discharge ; but with certain precautions they become wider and 
assume a conical form, somewhat resembling the whalebone snakes 
made as a toy for children. IVlr. Gassiot lias used most carefully pre- 
pared Torricellian vacua ^ and has also, in conjunction with Dr. 
Frankland, obtained excellent vacua^ by filling tubes containing sticks 
of caustic potass wHh carbonic acid, exhausting them by the aif-pump, 
and allowing the residual gas to be absorbed by the potass. 

The following is a summary of the effects produced by the electric 
discharge through these vacua. 

If the vacuum be equal to that generally obtained by an ordinary 
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air-pump, no stratifications are perceptible ; a diffused lambent light 
fills the tube : in a tube in which the rarefaction is carried a step 
further, narrow striae are perceptible, like those first described in the 
phosphorus vapour experiment. A step further in rarefaction increases 
the breadth of the bands ; next we get the conical or cup-shaped form ; 
and then, the rarefaction being still higher, we get a series of luminous 
cylinders of an inch or so in depth, with narrow divisions between 
them. Lastly, with the best vacua which have been obtained, there is 
neither discharge, light, or conduction.* The fact of non-conduction 
by a very good Torricellian vacuum was first noticed by Walsh, sub- 
sequently carefully experimented on by Morgan (Philosophical Trans- 
actions, 1785), and subsequently by Davy (1822) ; the latter did not 
obtain an entire non-conduction, but a considerable diminution both 
of light and conducting power. 

PTom these repeated experiments it may fairly be considered as 
proved, that in vacuo^ or in media rarefied beyond a certain point, 
electricity will not be conducted, or more correctly speaking, trans- 
mitted ; an extremely important result in its bearing on the theories of 
electricity. 

The gradual widening of the strata, as the rarefaction proceeds, is 
in favour of the plienomena of stratification being due to mechanical 
impulses of the attenuated medium, and appears to support the follow- 
ing rationale of the phenomenon given by Mr. Grove ; who does not 
advance it as conclusive, but only as an approximation to a theory 
to be sifted by further experiments. When the battery contact is 
broken, there is generated the well-knowm induced current in the 
secondary wire in the same direction as the original battery current, to 
which secondary current the brilliant effects of the Ruhmkorff coil are 
due ; but in addition to this current in the secondary wire, there is 
also a secondary current in the primary wire, flowing in the same 
direction ; the induction spark, at the moment following the disruption 
of contact, completing the circuit of the primary, and thus allowing the 
secondary current to pass. This secondary current in the primary wire 
produces in its turn another secondary, or what may be termed a 
tertiary, current in the secondary wire, in an opposite direction to the 
secondary current. There are thus, almost synchronously, two currents 
in opposite directions in the secondary wire; these, by causing a 
conflict or irregular action on the rarefied medium, would give rise to 
wares or jHilsatioiis, and might well account for the stratified appear- 
ance. The experimental evidence in favour of this view is u» follows : 
when a single break of battery contact is made by drawing a stout 
copper wire over another wire, the striee do not invariably appear 

• The production of vacua by carbonic acid, and the increasing breadth of the 
stratifications with increased rarefaction, was communicated by Mr. Gassiot in a 
paper, read to the Royal Society, Jan. 13, 1859. I incline to think that oxj - 
hydrogen gas, with potash, might give a better vacuum than carbonic acid, ns 
the last residual portions of tlie gas would be slovtly combined by the discharge, 
and the water so formed absorbed by the potash.— W. K. G. 
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in the rarefied medium through which the current of the secondary 
wire passes. This would be accounted for on the above theory by 
supposing that in some cases of disruption the induced spark passes 
across immediately on disruption, and thus completes the circuit for 
the secondary current in the primary wire ; while in other cases, either 
from want of sufficient intensity, or from the mode or velocity with 
which contact is broken, or from the oxidation of the points where 
contact is broken, there is no induced spark by which the current can 
pass: in the former case there would be a tertiary current in the 
secondary wire, and therefore striae ; in the latter there would be 
none. 

But the following experiment is more strongly in favour of the 
theory. It is obvious that the secondary must be more powerful than 
the tertiary current. Noav supposing an obstacle or resistance placed 
in the secondary circuit, which the secondary current can overcome 
but the tertiary cannot, we ought by the theory to get no strise. If an 
interruption be made in the secondary current in addition to that 
formed by the rarefied medium, and this interruption be made of the 
full extent which the spark will pass, there are, as a general nile, no 
striae in the rarefied medium, while the same vacuum tube shows the 
striae well if there be no such break or interruption. The experiment 
was shown by a large vacuum cylinder (IG inches by 4) of Mr. 
Gassiot, and his micrometer electrometer ; this tube showed numerous 
broad and perfectly distinct bands when the points of the micrometer 
were in contact ; but when they were separated to the fullest extent 
that would allow sparks to pass, not the slightest symptom of bands 
or striae were perceptible, the whole cylinder was filled witj^an uniform 
lambent flame. AVith a spark from the prime conductor of the elec- 
trical machine, the stria? do not appear in tubes which show them well 
with the Ruhmkorff doil ; occasionally, and in rare instances, striae 
may be seen with sparks from the electrical machine, but, not as far 
as Mr. Grove has observed, when the spark is unquestionably single. 
All this is in favour of the theory given above ; hut without regarding 
that as conclusive or as a proved raiionalvy it is clearly demonstrated 
by the above experiments, that the identical vacuum tubes which show 
tiie striifi with certain modes of producing the discharge, do not show 
them with other modes, and that therefore llie striae are not a necessary 
condition of the discharge itself in highly attenuated media, but 
depend upon the mode of its production. 

The study of the electrical discharge in vacuo is of the utmost 
importance in reference to the theories of electricity, and jirobably will 
assist much towards the projier conception of otlier modes of force, 
or, as they are termed, imponderables^ Jieat, light, &c. 

The experiments of Walsh and Morgan, corroborated as they now 
are by tliat of Mr. (iassiot, show, that although the transmission of 
electricity across ga.seou8 media is aided by rarefaction of the medium 
up to a certain degree, yet that a degree of attenuation may be 
reached at wiiich the transmission ceases, at all events for a given dis- 
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tance between the terminals and given intensity of electrical charge. 
Whether having arrived at this point a reduction of the space to be 
traversed, or an increase of intensity in electricity, or both, would 
again enable the electricity to pass, is not quite clear, though there is 
reason to believe that it would, and the increased intensity of electricity 
would probably be again stopped by a further improvement in the 
vacuum, and soon. But the experiments go far to prove that ordinary 
matter is requisite for the transmission of electricity, and that if space 
could exist void of matter, then there would be no electricity ; thus 
supporting the views advocated by Mr. Grove and some others, that 
electricity is an affection or mode of motion of ordinary matter. 

The non-transmission of electricity by very highly attenuated gas 
may also afford much assistance to the theory of the aurora borealis, a 
jihenomenon, the appearance of which, the regions where it is seen, its 
effect on the magnet, and other considerations, have led to the univer- 
sal belief that it is electrical. 

The experimental result that a certain degree of attenuation of air 
forms a good conductor, or easy path for the electrical force, while 
either a gre/iter or a less degree of density offers more resistance, and 
this increasing towards either extremity of density or rarefaction, 
show, that if there be currents of electricity circulating to or from the 
polar regions of the earth, the return of which, as is generally believed, 
gives rise to the beautiful phenomena of the aurora borealis or australis, 
the height where this transit of electricity takes place would be just 
that at which the density of the air is such as to render it the best con- 
ductor. By careful incasuvcincnt of the degree of attenuation requisite 
to enable the electrical discharge to pa^s with the greatest facility in 
our laboratory experiments, w e may approximatively estimate the degree 
of rarefaction of the atmosphere at the height where the aurora borealis 
exists. By these means we get a mode of estimating the height of 
tlie aurora by ascertaining, from the decrement of density in the atmo- 
sphere in proportion to its distance from the earth, at what elevation 
the best conducting state, or that similar to our best conducting 
vacuum tubes w'ould be found, or conversely, by ascertaining the 
height of the aurora by parallactic measurements, we n.ay ascertain 
the ratio of decrement in the density of the atmosphere. Thus by our 
cabinet experiments, light may be thrown 011 the grand phenomena of 
the universe, and the great questions of the divisibility of matter, 
whether there is a limit to its expansibility, whether there is a fourth 
state of attenuation beyond the recognised states of solid, liquid, and 
gaseous, as Newton seemed to suspect, (^lOth query to the Optics,) and 
whetlier the imponderables are specific affections of matter in a peculiar 
stxite, or of highly attenuated gaseous matter, may be elucidated. 
The manageable character of the electrical discharge, and the various 
phenomena it exhibits when matter is sab;.‘Cted to its influence in 
all those varied states wliich we are enabled, by experiment, to reduce 
it, can hardly fail to afford new and valuable information on these 
abstruse and "most interesting enquiries. [AV. B. G.] 



Friday, February 25, 1859. 


H. R.H. The Prince Consort, KG. D.C.L. F.R.S. 

Vice-Patron, in the Chair. 

PROFES^OR Faraday, D.C.L. F.R.S. 

On. Schonbein' s Ozone and Anlozone. 

Ozone has already been before the members of the Royal Institution on 
two occasions: on the 13th June 1851, when Schonbein’s early views 
of it were given, and on the 10th June 1853, when the results of 
MM. Frtfiny and E. Becquerel, obtained by passing the electric spark 
through dry oxygen, were described ; and also the opinion of Schdnbein 
respecting the entrance of ozone as such (and not as simple oxygen) 
into combination. Since then, Schonbein has been led to the belief 
that oxygen can exist in a third state, as far removed by its properties 
from ordinary oxygen in the one direction as ozone is in the other ; 
and therefore, in a certain sense antagonistic to ozone. This substance 
he names antozone^ and believes that it also enters into combination, 
retaining, for the time, its special properties. Hence there is not 
merely ozone and antozone, but also ozonideand antozonide compounds. 
Thus, permanganic acid, chruinic acid, peroxides nf rnangtuiese, lead, 
cobalt, nicked, bismuth, silver, &c.. form a list of bodies containing 
more or less of ozone Jii combination ; and the characters of ozone, 
and of these bodies because of the ozone in them, is that they are 
electro-tiegative to the antozonides, i.c. as copper to zinc ; they evolve 
chlorine from chlorides ; they cannot generate peroxide of hydrogen ; 
and they render blue the precipitated tincture of guaiacum. On the 
other hand, oxywater and the peroxides of potassium, sodium, barium, 
strontium, and calcium, form a list of sul)stances containing antozone. 
These bodies are electro-positive to the former ; they cannot evolve 
chlorine from hydro-chloric acid, or the chlorides ; they evolve the 
peroxide of hydrogen when treated either by oxy-acids or even the 
hydro-chloric acid, and they not only do not render blue the white 
precipitated guaiacum, but they restore that which has been rendered 
blue by ozone to the white or colourless condition. Now when two 
ozonides or two antozonides are put together, with i\\e addition of 
water or an indifferent acid, they mingle but do not act on each other ; 
but if one body from each list be associated in like manner, they 
mutually act, oxygen is evolved from both, and ordinary oxygen is 
set free ; or rather, as Schonbein believes, ozone separates from one 
body, and antozone from the other ; and these uniting [)roduce tlie 
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intermediate or neutral oxygen. Thenard, who discovered the per- 
oxide of hydrogen, showed that the peroxide of silver, when brought 
into contact with it, not only caused the separation of part of the 
oxygen of the fluid, but also itself lost oxygen, that element leaving 
both bodies and appearing in the gaseous state. This experiment, 
with others of a like nature, and many new ones, were referred to and 
made in illustration of Schbnbein’s views. As to the independent 
existence of oxygen in these two new and antithetical states, ozone 
lias been so obtained, i e, out of combination, and independent of any 
other body ; but antozone has not as yet afforded this proof of its 
possible separate condition. Oxywater is the compound in which it 
seems nearest to a free condition. As Schonbein*s view includes the 
idea that oxygen in these two states can retain their peculiar properties 
when out of combination, and have them conferred otherwise than by 
combination, and as ozone does fulfil these conditions and does exist in 
the independent state, so it is important that antozone should be 
pursued by experiment until it gives a like result 

In relation to this subject the view of Mr. Brodie should be 
referred to, respecting tlie condition of certain elements at the moment 
of cheiTiical chatige, on which he published a paper in the Phil. Trans, 
for p. 759, and another in the Chemical Society’s Journal in 

1855. lie assumed oxygen as capable of existing in two states ; the 
particles being polarized to each other by the action of associated 
particles, and for the mometit in the relation of oxygen and hydrogen 
to each other ; he also made many numerical experiments for the 
purpose of obtaining the ecpiivalent action of the oxygens assumed to 

be in these opiiosed polar states. 

* [M. F.] 



Friday, March 11, 18,59. 

Charles Wheatstone, Esq. F.R.S. Vice-President, in the Chair. 
William Odlino, M.B. 

SECRETARY TO THE CHEMICAL SOCIETY. 

On Magnesium^ Calcium ^ Lithium, and their Congeyicrs. 


The majority of the metals known at the beginning of the present 
century were observed to occur naturally in the earthy or oxidised 
state. The alkalies and earths proper, from their many analogies to 
the metal-yielding earths, were long suspected to be the oxides of 
certain unknown metals, whose tendencies to maintain the oxidised 
condition were stronger than those of any metals which had up to 
that time been isolated. This conception was first vcrifu'd by Sir 
Humphrey Davy in 1807, and has since been abundantly realized. 
From their characteristic property of neutralizing acids to form salts, 
the earths and alkalies received the name of bases, and the metals 
eventually extracted from tliem became known as basic or basylnus 
metals. Some of the^^G metals, particularly those obtained from mag- 
nesia, lime, and lithia, have only of late been procured Ui (|uantitie.s 
sufficient to allow of a demonstration of their properties. 

The highly basylous and the commercial metals are alike obtained 
by three principal pr()C^*>ses, namely electrolysis, preei})itation by means 
of another metal, and reduction by charcoal at a red or white heat. 

a. EIcctroljfsis . — Very many metallic compcmnds, when submitted 
to the action of a galvanic current, are decomposed, with a df‘position 
of metal upon the negative pole of the battery. Although a cli(‘ap 
electrolytic process has been devised for the extraction of copper from 
its ores, yet, altogether, electrolysis is too expensive to admit of employ- 
ment for the mere separation of the commercial metals. It is, however, 
largely applied in the fine and useful arts for the production of different 
ntetals in certain rc(|ui red forms, as in the well -known operations of 
electrotyping, electroplating, &c. The liquid state, wdiich is an 
chsential condition for electi-olysis, is usually obtained by dispolving 
the metallic compound in water; but for procuring the highly basylous 
metals, this means does not succeed, inasmuch as these metals cannot 
exist in contact with water. The basylous metals seem indeed to be 
deposited upon the negative pole ; but, sinmlhincously with their pro- 
duction, they are acted upon by the water of the solution, and the’’eby 
converted into the state of caustic alkali. The liquid condition is con- 
sequently attained by means of fusion. Certain salts of the Iwsylous 
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metals, usually the chlorides, from their ready fusibility, are melted in 
suitable crucibles, and then submitted to electrolysis ; this is the only 
mode by which tlie metals calcium and lithium are obtainable. 

/S. Prcripilatioii of one metal hy another . — This process is largely 
employed on a manufacturing scale. At the mines of P'reyburg, me- 
tallic silver is obtained by agitating chloride of silver with scrap iron. 
The iron enters into combination with the chlorine, and turns out the 
silver. At the Royal Mint, silver is obtained by immersing plates of 
copper into solution of sulphate of silv('r. At the Cornish mines, con- 
siderable tpjaiitities of copper are annually obtained by immersing 
pieces of iron in solutions of copper. Tiio>e processe.s arc performed 
in the wet way. As an example of the dry way, we may adduce the 
metal antimony, which is made commercially by fusing sulphide of 
antimony with scrap iron. The iron turns nut the antimony and unites 
with the sulphur. Similarly the metals aluminium and magnesium are 
prepared by fusing their respective chlorides with metallic sodium ; 
the sodium unites with the chlorine and turns out the aluminium or 
magnesium. To obtain metals by this process of substitution, it is 
ordinarily necessary that the metal used to expel another must be more 
basylous' lijaii the metal expelled ; hence it is that sodium is required 
ff>r the })ro(luelion of magnesium. With the exception of potassium, 
which is much more expensive, sodium is the most basylous of the 
metals; it even serves to displace the quasi-metallic grouping of 
hydrogen and nitrogen, known as ammonium. Amalgam of sodium, 
introduced into a solution of chloride of ammonium, forms chloride of 
sodium and amalgam of ammonium. But these most highly basylous 
metals, potassium and sodium, affoid remarkable exceptions to the law 
that basylous metals replace less basylous metals. Thus, although 
when sodium is healed with hydrate of iron, the sodium expels the iron, 
as might be anticipated, yet when hydrate of so^linm and iron borings 
are heated together, a reverse action takes place, and the iron turns 
out the sodium, as in (lay-Lus.sac’s process for the productiim of that 
metal. Tliis reciprocity of rcMilts is only an extreme insiunce of a 
tolerably general law. In a similar manner, though mercury displaces 
silver from argentic nitrate, yet silver displaces mercury from mercu- 
rous nitrate. Though copper displaces silxer from argentic sulphate, 
yet silver displaces copper fiom cupric sulphate. Though cadmium 
disf)laces eo[)per from cupric chloride, yet copper displaces cadmium from 
cadmic chloride, iS:c. Ac. Some of these results appear to depend on 
Bro(lie\s law of homogeneous airmity : thus, when cadmium is deposited 
upon copper, we have the reaction, 

+ — +— 4 -— + — 

Cu Cu + Cd Cl = C(l Cu + Cu Cl 

Jied fiction hy charcoal . — This i'' the most usual means adopted 
for the production of metals on a manufacturing scale. Brunner's 
process for obtaining potassium and sodium is an exact counterjiart of 
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the commercial process for obtaiiunec zinc ; in each case the metal is 
evolved in the gaseous state, or distilled, from a heated mixture of its 
carbonate with charcoal. The same reciprocity exists between sodium 
and charcoal as between sodium and iron. Thus carbon decomposes 
oxide and carbonate of sodium to form carbonic oxide or anhydride 
(acid). But sodium heated in carbonic oxide or anhydride liberates 
carbon, and forms oxide or carbonate of sodium. Indeed chemical 
redactions are not absolute but conditional ; under reversed condition 
we obtain reversed results. 

Magnesium . — Chloiide of magnesium is the source from which the 
metal is usually obtained. Becqiierel succeeded in procuring octahedral 
crystals of magnesium by the electrolysis of a solution of chloride of 
magnesium. But the metal is prciferably obtained by electrolysing the 
fused salt. Mattliicsson employs a common tobacco-pipe for the 
purpose : the bowl is filled with fused chloride of magnesium, or rather 
with a mixture of chloride of magnesium and chloride of potassium, 
which is more easily prepared than the pure salt. The negative pole, 
to which the magnesium attaches itself, consists of an iron wire passing 
through the pipe-stem. The positive pole consists of a pointed piece 
of gas-carbon dipping into the fused mixture of salts. Magnesium is 
however obtained most abundantly by heating its chloride with me- 
tallic sodium, as before referred to. The sodium turns out the mag- 
nesium, which collects in globules that may be melted together under a 
flux of low density. Magnesium is a solid metal of a silver-white colour. 
Its appearance contrasts favourably with that of aluminium, which has 
a decided bluish tinge. The freshly cut surface of metal is highly lus- 
trous ; it does not tarnish in dry air, and acquires only a film of oxide 
in moist air. Magnesium is but very slowly acted upon by pure cold 
water. It decomposes boiling w'ater somewhat rapidly with evolution 
of hydrogen. Its specific gravity is 1*75. It is about one and a half 
times lighter than aluminium, and is indeed the liglitest of all metah 
that are'periiianent in the air. One cubic inch of platinum balances 
12^ cubic inchesof magnesium, and only 8[ eiibic inches of aluminium. 
At ordinary tempt'ratures magnesium is somewhat brittle, and may be 
readily cut or filed. It is neither very malleable nor very ductile ; 
but, at an increased temperature, may hv. hammered into plates, and 
drawn or rather prosed into wire by Matlhiesseirs process. The 
metal is placed in a small hollow steel cylinder, having a hole drilled 
in its anterior face. Through this hole the rnetal is forced in tin; form 
of w^ire, by means of a press, acting through the iiitei veutiou of au 
iron piston, fitting into the hollow of the cylinder. IMagiiesium is 
readily volatile ; so much so indeeil, as io allow' of its being purified 
by di^tillatioll in an atmosphere of hydrogen. It is a highly com- 
bustible metal, and burns brilliantly in air or oxygen, with n pure 
white flame. A magnesium wire, ignited at one end, w ill eoritinu(5 to 
burn through its entire length. Magnesium corresponds closely hi its 
properties witli zinc, and through zinc appioximatcs to cadmium. The 
atomic weight of zinc is the mean of the atomic w eights of inagnesinni 
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and oadiiiium ; and the atomic volume of zinc is the mean of the 
atomic volumes of majj^iiesium and cadmium. 

Calcium . — This metal docs not result from the action of sodium 
upon chloride of calcium, but is obtainable only by the electrolysis of 
that salt, rendered a conductor by fusion. It is a solid metal, of a 
somewhat yellowish colour. It is hij^hly lustrous, but tarnishes quickly 
in the air, and <^railually becomes converted thron^^hout into oxide of 
calcium, or lime. It decomposes cold water rapitlly with evolutiim of 
hydrogen. Its specific gravity is 1*58. It is moderately hard, 
malleable, and ductile. It has not been volatilized. When heated to 
redness in the air, it burns widi a scintillating flash ; but, in con- 
sequence of its want of volatility, does not inflame. Calcium bears to 
its congeners, strontium and barium, relations similar to those which 
magnesium bears to its congeners zinc and cadmium ; save that the 
members of tlie calcic family are associated rather by an equality, and 
those of the magnesian family by a gradation of properties. 'J'he 
atomic volume and atomic weight of strontium are respectively the 
means of the atomic volumes and atomic weights of calcium ami 
barium. Despite many points of resemblance, tlie differences between 
calcium uagnesium are well marked. Thus magnesium and zinc 
are volatile and inflammable metals, permanent in the air, scarcely 
acted upon b) cold water, and obtainable by treating their respective 
chloride'5 with sodium. Calcium is neither volatile nor inflammable, 
is quickly oxidised in the air, is rapidly acted upon by water, and is 
not obtainable by treating its chloride with sodium. The hydrate of 
calcium is soluble in water, the liydrates of magnesium and of zinc 
insoluble. Hydrated chloride of calcium, when heated, evolves 
water, but the hydrated chlorides of magnesium and zinc evolve 
chlorhydric acid, &c. 

Lithium is a very sparingly distributed element. It occurs native, 
in proportions varying from 3 to 12 per cent., in certain complex 
silicates, fluorides, and phosphates ; and is obtained in the metallic 
form by the electrolysis of fused chloride of lithium. The specific 
gravity of lithium is 0 * 59. With the exception of bodies in the gaseous 
state, it is the lightest substance in nature. It floats upon every knowm 
liquid. One cubic inch of platinum balances 36^ cubic inches of 
lithium. Lithium is a white-coloured lustrous metal, rapidly oxidised 
by exposure to the air. It is softer than lead, and may be cut with a 
knife, or squeezed between the fingers. It is readily obtained in the 
form of wire, by Mattliiessen’s process. It melts at 180'’C, and at a 
higher temperature volatilizes. When heated to redness in the air, 
lithium takes fire, and burns with a brilliant, highly luminous, white 
flame, that is in curious contrast with the crimson colour which its 
compounds impart to the flame of ordinary combustibles. The pre- 
sence of lithium in any substance is asually ascertained by means of 
this crimson-coloured flame, which, howeve., is altogether irrecog- 
nizable in the presence of even a small quantity of sodium salts, owing 
to the intense yellow-coloured flame which they produce. Cartmell 
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has recently pointed out a ready mode of detecting the lithium colora- 
tion, even in the presence of a large excess of sodium salts, namely by 
viewing the flame through a layer of the blue solution of sulphate of 
indigo, which completely cuts off the yellow rays due to the sodium, 
but allows the uninterrupted transmission of the crimson rays due to 
the lithium. Gradational relations, similar to those of magnesium, 
zinc, and cadmium, exist between lithium, sodium, and potassium. In 
the solubility of its carbonate, in its degree of oxi disability, and in 
many other properties, sodium is strictly intermediate between its two 
congeners. De la Rue has observed, that metallic sodium from its 
inferior degree of oxidisability, may be preserved unacted upon in an 
aqueous solution of caustic soda. The atomic weight and atomic 
volume of sodium are respectively the means of the atomic weights 
and atomic volumes of lithium and potassium. 

Lithium undoubtedly belongs to the same family as sodium and 
potassium. Like these two metals it is soft, readily fusible and 
volatile, highly oxidisable, and of lower specific gravity than water. 
Moreover, its hydrate and carbonate are sensibly soluble in water. 
But having regard to the totality of its characters in tlie free and com- 
bined states, and particularly to the properties of its hydrate, carbonate, 
and phosphate, it appears that the analogies of lithium to calcium and 
magnesium respectively, are scarcely less marked than arc its relations 
to the true alkaline metals. It seems, indeed, as if the metals 
lithium, calcium, and magnesium stood upon the same level, and that 
while the gradation of lithium, sodium, and potassium, diverged in one 
direction, the gradation of magnesium, zinc, and cadmium diverged in 
another. 

Lithium. Calcium. Magnesium. 

Sodium. ^ Strontium. Zincum. 

Potassium. Barium. Cadmium. 

Or, we might say, that, as regards their projjcrties, potassium, barium, 
and cadmium, are highly specialized forms, w liile lithiinn, calcium, and 
magnesium are degraded or general forms, which, from the comparative 
absence of special characters, approximate to one another. The sums 
and means of the atomic volumes of the tliree groups of elements are 
shown below'. 





Sums. 

Means. 

Mg. 

Zn. 

Cd. . . 

. 14-2 

4*7 

(Ja. 

Sr, 

11a. . . 

. 24‘9 

8*3 

Li. 

Na. 

K. . . 

. 37-4 

12-4 




3)76*5 

3)25*4 




25-5 

8*4 


Tlie atomic volume of the calcic family is observed to be exactly 
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interiiKxiiute betsveen those of the litliian and magnesian families. 
Similar relations exist between the atomic weights of the three 
groups. 

When, irrespective of these curious numerical relations between the 
different elements and groupings of elements, we find the groups 
characterized by distinctive but correlated properties, and the members 
of the groups associated by community of characters, and separated by 
gradational differences only, we pen^eive that the possession, by each 
element, of its own special properties, is not an accidental endowment, 
but is a necessary result of the development of one general compre- 
hensive plan. 

[W. O.] 



Friday, IMarch 18, 18o0. 

Charles Wheatstone, Esq. F.R.S, Yice-President, in the Cliair. 


Kev. Walter Mitchell, M.A. 

On a Neio Method of rendering vuihle to the Ege some of the mon 

abstruse problems of Crystallography, hitherto considered only as 

Mathematical Abstractions, 

The unpopularity of crystallography may be attributed to the dif- 
ficulties so many people, especially tliose who liave not had a good 
mathematical training, meet with in attempting to master the coiicej>- 
tion of forms involving some of the principles of solid geometry, d o 
a certain extent this may be removed by a well-arranged system of 
solid models: thus the first three propositions of the 15th book of 
Euclid, “ the inscription of a regular tetrahedron in a cube, of a 
regular octahedron in the tetrahedron, and of the octahedron in the 
cube,” may be demonstrated to the eye by a dissected cube, illustrating 
the natural cleavage of Huor spar. Indeed the cleavage of a cube of 
fluor spar is a natural demonstration of the three principal propositions 
of the last book of Euclid^s Elements of Geometry. 

There are many, propositions of crystallography which require 
some mechanical means beyond that of the use of solid models to make 
them appeal to the eye for clearer perception. The most perfectly 
symmetrical solid forms of the crystallographer belong to the cubical 
or tessular system. There are seven different kinds or orders of forms 
belonging to this system, perfectly symmetrical ; four of wliich admit 
of an infinite variety of species. These forms are associated in nature 
as well as in their mathematical relations to each other. I' hey are 
found in crystals of the same substance, either in their simple forms or 
else associated in combination with each other, in the different faces of 
a compound crystal ; thus the cube, the octahedron, and the rhombic 
dodecahedron, are found as simple crystals of the diamond, or faces 
parallel to all three or two of them, may be discovered on a more 
complex natural crystal. 

The three forms we have just enumerated, tlie cube, the regular 
octahedron, and the rhombic dodecahedron, may be considered as the 
permanent or limiting forms of the cubical syvStem ; tliey admit of no 
varieties; their angles, whether those of the inclination, of adjacent 
faces, or of the planes constituting their faces, are invariable ; they are 
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also limiting forms. Between the octahedron and the rhombic dodeca- 
liedroii we may conceive an infinite number of varieties of the three- 
faced octahedron, passing from the form of the octaiiedron to that of 
the rhombic dodecalicdron ; similarly, the octahedron and the cube are 
limiting forms of an infinite series of twenty-fonr-faced tiapezohcdrons, 
and the cube and rhombic dodecahedron of a series of four-faced cubes, 
'^riie forty-eight-faced scalenohedron or tlio six-faced octahedron is a 
form varying within the limits of all the others. 

To reprcseiit to the eye tin* })ass;»ge of all the varieties of these 
forms between tinar respective limits is the object of the mechanical 
contrivance which is the subject of this paper. A skeleton or armillary 
sphere is constructed of iron wire, so as to mark out tlie principal 
zones of the s[)herc of projection of the forms of the cubical system ; 
three cin^les are united at riglit angles to each other, so as to represent 
eight etpiilateral splierical triangles, each of wliose sides are arcs of 
90*^. '1 he six points wliere tlie arcs cross cacli other are the poles of 

the six faces of the cube ; tlie lines joining each pair of opposite poles 
represent tlic cubical ax('s, each axis being perpendicular to two faces 
of the cube whicli can be inscribed in the splicre. ICacii arc is now 
bisected. tw elve points of bisection are the poles of the rhombic 

d(jd(‘cabedron ; the lines joining the opposite pairs of these poles are 
the rlioinbic axes, each of these axes being perpendicular to two faces 
of the rhombic dodecahedron inscribed in the spheres, or inscribed in 
the cube inscribed wilhin the sphere. Let each of the eight equilateral 
spherical triangles be divided into six equal and similar spherical 
triangles by arcs, joining the angle of each triangle w'idi the centre of 
its o])i)osite side : the anriillary portion of the sphere is now completed. 
Tlio point within each of the eight equilateral spherical triangles, 
formed by tlie intersection of the throe arcs by which it is divided, is the 
octahedral pole. Tliere are of course eight of these ; tlie lines joining 
the opposite pairs of tliese poles are the octahedral axes, each one 
being perpendicular to tw’o oj>posite faces of the regular octahedron 
inscribed in the sfihere, or in the cube inscribed within tlie sphere. If 
wc now join each pole of the octahedron with the three ])oles of the 
octahedron in the three adjacent equilateral spherical triangles by 
straight wires, and do this symmetrically for the eight poles, we shall 
then have tlie edges of tlie cube inscribed within our armillary sphere. 
Tlie octahedral axes joining the opposite solid angles of this cube and 
the rhombic axes passing through the centres of each opposite edge. 

Within this skeleton cube we now inscribe a regular octahedron, 
using elastic strings for its edge's, by uniting tlie point where each 
cubical axis passes through the face of the cube, with the similar 
points on tlie two adjacent faces. Each face of the octahedron is 
therefore represented by an equilateral triangle of elastic cord. We 
now suppose each side of the eight equilateral triangles to be bisected. 
IGvery angle of the eight equilateral triangles is Joined to the bisection 
of its opposite edge, by another series of elastic cords. AVe have now 
an octahedron inscribed, in the cube inscribed within our armillary 
sphere. EAery face of the octahedron having marked upon it, the 
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traces formed by an imaginary plane passing through tlie zones of the 
sphere and its centre. It will now be seen that the cubical axes join 
the opposite solid angles of the octahedron ; the rhombic axes, tlie 
bisections of its opposite edges ; while the octahedral axes pass through 
the intersections of the elastic cords, which join each solid angle of the 
octahedron with the centres of the edges oppasite to it. 

The points where the elastic cords meet, and the octahedral axes 
pass through the faces of the octahedron are now fastened to cords. 
These cords are made to run round pulleys and are united together, so 
that by pulling them simultaneously, the points uniting, every one of 
the three elastic cords which are described on the the face of the 
inscribed octahedron can be made to travel uniformly and symmetri- 
cally along each of the octahedral axes from the face of the octahedron 
to the solid angle of the circumscribing cube. Another series of cords 
are united to each of the four elastic cords, wliich meet at the point 
bisecting each of the edges of the inscribed octahedron. These, by a 
similar contrivance, are made to draw these points along the rhombic 
axes. The instrument is now completed. By simply pulling the 
eight cords united together, which cause the elastic cords to ascend tlie 
octahedral axes, the inscribed octahedron passes through every form of 
the three faced octahedron till it reaches the limiting form of the rhom- 
bic dodecahedron. Each three-faced octahedron being inscribed within 
the cube, inscribed within the sphere. 

In a similar manner, by pulling the cords, running along the 
rhombic axes in combination with those running along the octahedral 
axes, all the other forms are shown as passing within tlieir prescribed 
limits. As soon as the cords are loosened, the elastic bands immediately 
resume the form of the inscribed octahedron. In addition to these 
forms, the instrument also can be made to demonstrate the passage of 
all the hemihedral forms of the cubical system with inclined faces 
within their limits. In this manner it was demonstrated that this 
instrument can make visible to the eye all the changes and varieties of 
an interesting series of forms and their mutual relations, which could 
otherwise only be conceived by a considerable power of mathematical 
abstraction. This armillary sphere, by some other small additions, can 
be made use of for tracing out some of the most beautiful portions of 
the zone-theory of the poles of crystals. 


[W. M.] 



Friday, April 1, 1859. 


Sill Roi)EUi(K I. ]\[iJRCHrso\, D.C.L. F.R.S. Vicc-rrcsident, 
in the Chair. 


Nevil Storv Maskelyjne, Esq. M,A. 

0?t (he Insight hitherto obtained into the Nature of the Crystal 
Molecule by the instrumentality of Light. ^ 


The horiro!i' ;.f man’s view extends in two directions. The one is 
turned towards the infinitely vast, and carries his (‘ye into the regions 
of space, spanning distances that leave his world a speck in creation. The 
other direction along which he strains his gaze, is into the infiiiitcMinal ; 
and the microcosm of the crystal is the region it must traverse before 
it can reach the ultimate units of material consistence, which form the 
centres of chemical force. That region, however, is to be explored by 
the reason rather than by the eye, for the minutest thing cognisable 
by the microscope is left far behind in the first step taken downwards 
into the crystal world. 

In a crystal there exists a complete regularity of arrangement and 
of the distribution of its powers of resisting, of transmitting, or of con- 
verting and modifying any forces that may solicit it. Of this, to a 
great extent, the external symmetry of its facettes is an expression. 
But the ])hysical proj)erties of the crystal afford the mOwSt perfect 
evidence of it. 

The different varieties of symmetry, exhibited by outward crystal- 
line shape, are found to indicate, with much precision, a correspondingly 


* In this notice a larger space is given to preliminary and other details than 
could be devoted to them in an hour's discourse. This was felt to be ncce.ssary, 
partly because the speaker entered nioie on these points than he had intended in 
the scheme of his discourse ; and liaving done so it is his wish to give a clear state- 
ment of them: partly too because the subsequent views for which he is much 
indebted to the conversations and private letters of his friend Piofessor Grailich, 
are more intelligible to a general audience by tlie help of such preliminary expia- 
tions. He believes they may render a beautiful suby ct— which must be difficult, 
and cannot he popular in the childish sense of the word—sufficiently intelligible, by 
patient study, to be interesting to persons such as those who did him the honour of 
forming his audience on the 1st of April. 
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ordered arrangement in the physical properties of the various crystals 
that illustrate them. 


The definition of the terms crystallotjra^hic axes^ parameters, indices, and 
morphological axes being necessary for elucidating what was to follow, were 
given. Thu-^ crystallographic axes are geometrical directions, determined by Uie 
intei’sections of any three planes of the crystal. They are taken as axes of co- 
ordinates, and called severally x y an<l z, and such are chosen as express in the most 
simple and smallest numbers the relations of all the planes of the crystal to one 
another. These relations are indicated by the Imw of Crystallography, viz., by 
this, that a plane parallel to any facette will cut these axesatcertain dennite relative 
distances, measured from the centre at which the axes cross, and controlled by the 
principle to be next enunciated. Certain of such planes can always be found in 
every crystal species for which the ratios of these distances are simpler than m 
any others. The distances for such particular planes are called the parametcis of 
that species, and their values are generally indicated by the letters a b and r, which 
represent the distances measured severally along the axes x y and z. The ratios 
of these parameters canuot be expressed (except, of course, where they are equal) 
by any rational numbers. In this respect they bear some analogy to the chemical 
equivalents ; thus in topaz the parameters are 

a \ h \ c : : 1.: 0.5284 : 0.4769S approximately. 


Now every facette on any topaz crystal must cut the axes at distances, the ratios 
of which are represented by very simple fractions of these numbers, such as 

i s 1 &c. 

Hence any facette repre.sented by the form (423"^ will be parallel to a plane 
cutting the axes x y z\u points whose distances along these axes 
are found by the pioportions i a along axis x: ^ h along axis y : 
c along the axis z. Just an by the law of definite propor- 
_ tions in chemistry, if the equivalent of iron be taken as 28.U42 
and of oxygen 8. 

We have 28.042 . . . iron + 8 oxygen, forming one oxide of iron, 
2 X 28.042 . . . iron 4* 3 x 8 oxygen foriBLing another do. 


- 
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4, 2, 3, are the indices of that facette, and by the symbol (423) is indicated 
a group of eight facett^s wliich the law of symmetry of the system requiies, and 
which will, therefore, be found on every complete topaz crystal that carries one of 
these facettes of that form. The indices are generally indicated by the letters 
h k I, which, therefore, express rational numbers, wliile the parameters a b c 
always (where unequal 1 express irrational numbers. 

The term morphological axis was defined as an axis round which the facettes 
are symmetrically arranged, but which is not ncccs'^arily a crystallographic axis 
{e.g., in the rhombohedron). 

The terms elasticity, Viud axes of elasticity, vtQVG next explained— the former 
term as implying a power of counter-resistance to any force tending to displace 
the particles of the cry.stal (e.^., the compressing force of a blow, or any vibration, 
such as sound, &c.), the axes of elasticity being those directions in tlie crystal 
along which alone the displacement and the counter resistance opjK)Scd to it by the 
crystal, coincide and operate in the same line. A force acting in any other 
direction is met by counter-forces distributed along the directions of these axes 
of elasticity. 

These definitions being explained, the speaker entered on a short illustration 
of the laws of crystallographic symmetry in crystals, exhibiting, by means of 
diagrams, their general morphological relations, so far as was necesfary for the 
sub^quent discussion, and pointed out the analogy in complex crystal forms, 
with the symmetry of certain floral types of form. 

The representation of the magnitude and directions of the axes of elasticity in 
each crystalline system was shown to be possible by means of one of three solid 
figures. 

These, in the case of the octahedral system — from the mutual convertibility 
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of every axis of clasticiry in it —were shown to be represented by a sphere. No 
more was said of this system. 

The pyramidal and rhoinbohedral systems were morphologically a.ssociated, by 
the fact of each having one morphological axis, round which a perfect symmetry 
reigned— though crystallographic laws ranged the fucettes in multiples of*4 
round the axis of the first, and of 3 round that of the second. The elasticity in these 
crystals w'as represented hy a spheroid -prolate - called negative;, or oblate (called 
positive), according as the elasticity was greater in an axial 01 ancipiatorial direction. 

The prismatic system was . epresented, asrega.ded its elasticity, hy an ellipsoid, 
a figure whose axes are all unequal, though rectangular. 

The oblique systems, also approximately rejircsented by ellipsoids, wei^ 
discussed later. 

'^riiese preliminary statonionis having luvn gone through, the speaker 
entered on the question of the internal niulecular arrangement of the 
crystal, and first brieHy reviewed what has been established regarding 
the phyvslcal relations of crystals. 

lie introduced the name of Professor Grailioh, of Vienna, in con- 
nection with this subject as one who, with his pupils, had worked over 
the whole of this large field of re.searcli, and had both added much to the 
facts themselves, and contributed greatly towards the extension of the 
theoretic.u views that must be called in to explain them. Some of the 
more recent of these results of Professor Grailieh and his coHabornieurj 
Dr. Viktor voii Lang, formed the chief subject matter of what followed. 

T"he experiments made hitherto to determine the action of a crystal 
upon different pliysieal powers, were then reviewed and shown to lead 
to the gmienil conclusion th.it there is a very close rt'Iation between its 
morphological (and therefore geometrical) symmctiy and its [ihysical 
properties. 

'Fhe mechanical elasticity possessed by the crystal in its different 
directions, may be examined through its cohesion, ns indieatid by its 
cleavage, its hardiicss, its acoustic prop(‘rties, tSec 

Tiijc Ci.EWAiii., where it exists in a crystal, in\arlablv occurs in 
the direction of actual or of (in obedience to the great ervstallograpliic 
law), possible crvstal-plancs, and is furthermore found to follov planes 
represented by very simple iudiet'S. lic.ddcs this relation between the 
direction in whi<'h the crNstal splits and it> erystallograpliic form, there 
is also exhibited a remarkable relation between the degrees of facility 
ill wliich the substance }ields to the clea\ing force and the symmetry 
of the crystal. Such crystals as have equal jiarameters exhibiting equal 
facility of cleavage in three directions; such as have two only exhibit 
e([ually easy cleavage in two directions. 

The Hardm^ss of a crystal aLo varies on its different facettes, and 
in different directions on the same facette ; and it w'oiild seem to be a 
general law that the greatest hardnei>s is exhibited in a diieclion and 
on a plane at right angles to that of cleavage, and that the hardness 
graduates in its degree in proportion as tlu plane experimented on 
tends to coincide with that plane. [Frankenheim, hranz, (irailich 
and Pekarck.] 

The Acoustic characters of a crystal are of an analogous kind. 
So far as tbe}^ have been investigated tliey iieem to follow the law of its 
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symmetry. Thus rhombohedral crystals exhibit a triple acoustic sym- 
metry round the morphological axis ; and the axes of acoustic elasticity, 
appear to coincide with the crystallographic axes, with the intersec- 
tions of the planes of the fundamental rliombohedron. In some cases the 
the acoustic characters of the crystal (indicated by tlie tones produced, 
as also by the lines into which finely sprinkled particles arrange them- 
selves on a plate of the substance when set vibrating by a violin bow), 
seem to provide a more subtle means of investigating its elastic struc- 
ture than the coarser methods of cleavage and hardness [Savart’s 
Experiments — this is especially exemplified in the case of quartz], 
and crystal acoustics would, in this respect, seem to offer a fertile field 
for investigation. 

In the Magnetic relations of the several parts of a crystal much 
has been done [Faraday, Plucker, Tyndall and Knoblauch, Grailich 
and Von Langj. The results of Professors Tyndall and Knoblauch 
have been completely confirmed and extended by Grailich and Von 
Lang, who have added to their results a large series of magne-crystal- 
line determinations, and expressed them by a nomenclature at once 
comprehensive and concise. Tyndall and Knoblauch have shown that 
the intensity of the dia-magnetic (i.e., equatorially tending), or of the 
paramagnetic (i.e., axially tending) action, depends on the density of 
the substance along particular directions. The Vienna observers 
prove that isomorphous bodies, of similar (dia- or para-) magnetic kinds, 
have a similar magnetic set ; and that those of opposite kinds (one of 
paia- the other of dia-), magnetic nature, comport themselves in ways 
precisely inverse to one another, and that thus the magnetic orien- 
tation* depends upon the different relative densities^of the crystal 
along different crystallographic directions in it. 

There is evidently here a qualitative action (an axial or an equa- 
torial set) which is to be distinguished from tlie amount of energy, 
of tips setting or directive force, in various directions of the crystal. 
1 he former depends on the chemical nature of the substance ; the 
latter solely on the crystalline arrangement. 


* By orientation is implied the directions in space, relatively to some given 
directions, of any axes T whether crystallographic, magnetic, acoustic, optic, thennic, or 
any other). Thus \f a h r indicate the order of magnitude of the parameters of a tri- 
metric crystal, say one of aragonite, and these are fixed in p^ition, for instance, 
being vertical, h horizontal, running from right to left, and c hori- 
zontal, running from front to back, the magnetic orientation of such 
a CT^ stal is found to be such that the line <• has the strongest tendency 
to stand equatorially. Aragonite is a diamagnetic substance, and 
this, together with its orientation, is designated by Professor 
Grailich by the symbol 0 (c a b) which serves to iniffcate that the 
lines of greatest, mean, and least magnetic action are in the order 
c a 6, the greatest crystallographic axis being that of least magnetic action Tand 
therefore in this diamagnetic substance also that of greatest molecular density), 
while the mean and least crystallographic axes are respectively the least and the 
mean of the maj^e -cry stal fine axes. The magnetic orientation of the mineral 
staurolite, which is a para-magnetic substance, is expressed by tt (a c b), so that 
here the same axis is the direction at once of the greatest crystallographic 
parameter and of the greatest magnetic action, i.e., tlie axis of greatest density, 




LIBRARY OF SCIENCE 


297 

The passage of Electricity through crystals lias been studied 
[Wiedeiiiaun, Senarmont, KiioblauchJ,aij<l given general results indica- 
tive of analogy with those obtained in respect to the transmission of 
light and heat ; while the remarkable development by lieating or 
cooling a crystal, of electric tensions on jiarts of it morphologically 
polar to each other [analogue and antilogue poles in tenninally-polar, 
and also central-jiolar jiyro-electricity — Kicss and Rose, Karsten 
Pasteur, &c.] indicates that ‘here, as in magnetically polar sub- 
stances, and as in the alterations iii volume effected by change 
of temperature, the ]JOwers that, so to say, reside in the crystal, and of 
which its crystalline form is the outward e\])ression, are jiotent to 
modify the character and the amount of the tensions induced by the 
natural forces, wliich we call electricity, magnetism, and heat" and 
that those powers havi* thereby a dir(‘ction or locall.-ation imposed on 
them in accordance with tlie ci-ystalline strnctnie. 

Heat, indeed, must be viewed in more than one nwth opernndL 
As radiant heat ; in the inriuence of the crystal upon its forward pro- 
pagation ; in its polarisation, absorption, or tiansmission by (Lc. tlie 
diatliermanence of) the crystal, we have to associate it intimately 
with liglu, id view it in short, as light endow^cd with longer wave 
length. 

As heat tf temperattiTe (intensity of thermic excitement) we must 
follow up its action 011 crystals as an agent causing increase of volume, 
and therow'ith indueing a s<*ries of coiicoinitaul results of the highest 
interest. In this respect it allbrds on(‘ ef tin' most instructive means 
at our disposal for the ex.imimitiou of cr\st;d stnuUuie. Upon this 
J’rofessor (Irailieh and Dr. Mktor Von Lang ha\(‘ brouglit mathema- 
tical analysis to bear; and by showing that the iiicveaseof tenijK*rature, 
while changing the relatiNe values of the parameters of a crystal, ne\er 
alters the irTational chaiMcter of thoNC parameters, ha\e given to 
JVIitscherljch's beautiful arid well-known results a new signltieance, as 
V^oii Lang has also done with Kudberg's investigation on the change 
in the action of aragonite on light induced by a change of teniperaluix?. 
'riiey have shown that all wliich is swnbolised by the indices (the 
general symbol {h hi), in a crystal - its sMiunetry, and ilierefore its 
system — remains vinaltcred : the lengths of the ]>aranu'ters may vary, 
the inclination of a leaning axis in the oblique sxstenw. may change by 
change of temperature, but the priir<*i})lc which (irailich establishes 
as the “Law of Conser\ation of /one''.'’ remains presiding o\er the 
gencnil eryshal form, so that it is irnpos''il)le for a cr\stal, by the mere 
agency of a changing temperature, to drift from one system into 
another.* 


while the ineiiii aivl least paiaiueters are the direeiious resjK'ct'nely of the least 
and mean magne-crystalliiie set. ... 

* 'Jhrmic arcs are those directions in a crystal .dong ^^hIeh it is altered, by 
change of temperature, ouli/ in linear diwensio.is The} are are fixed er^stAllo- 
graphie directions. Every other ervstallogiaphie line that can l>e drawn through 
the crystaL changes uot in length only, hut also in ihttcfion ielativel\ to these 
axes. 
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But it is to Light that we are to look as the most subtle instrument 
for aiding our reason in scrutinizing the inner nature, or most intimate 
structure of the molecular system, which we call a crystal. It seems 
a true prerogative of light to do this. The frequent transparency, 
and the varied colours in different directions of so many crystals ; and 
the changes which the light is subject to within the crystal, its polarisa- 
tion, absorption, fluorescence, and the gther modifications it undergoes, 
all point to this most subtle agency as a discriminative power the best 
adapted for our purpose. 

In any of the systems under consideration, the light, on entering a 
crystal, is, except along certain directions, divided and polarised. The 
two polarised rays into which it becomes thus divided pursue new and 
different paths in the crystal, each ray differing from the other in the 
velocity of its propagation, the crystal retarding the progress of the 
ray vibrating in one plane, more than it does the ray vibrating in a 
plane polar to this. The spheroids, or ellipsoids of elasticity before 
alluded to present admirable geometrical expressions for the degree 
and relative amounts of the retardations effijcted, and for the direc- 
tions of the planes of vibration thus induced by the crystal on the 
waves of light. Without entering into an explanation of the polarisa- 
tion of light, or its precise relations to the directions of optical elasticity 
in the crj'stal, it was deemed enough to remark that parallel to one 
direction the sections of the spheroid are circles, and that the (locus 
of, or) line formed by the consecutive centres of these circles is the 
morphological as well as the optical axis of all crystals belonging to 
those systems, whose elasticity can be represented in magnitude and 
direction by a spheroid (the pyramidal — rhornbohedraljL In the pris- 
matic, (and approximately in the cliriohedric systems,) whose elasticity 
is represented by an ellipsoid, there are two circular sections that may 
be made through the centre of the ellipsoid of elasticity. 

In either case lines perpendicular to these circles are the ‘‘ optic 
axes ” of these systems, that is to say, are directions along which a ray 
goes with only one velocity, and is, therefore, not broken up and 
polarized ; as can be demonstrated by a very simj)le geometrical con- 
struction. The spheroidally elastic systems have, therefore, one oj)tic 
axis — one only direction along which light passes unchanged (uniaxial 
systems). The systems whose optical elasticity is represented by ellip- 
soids have two such directions (biaxial systems). Moreover, in the 
latter the plane of these can be readily shown to lie necessarily in the 
same plane as contains the greatest and least axis of the ellipsoid, i.e, 
the greatest and least axis of elasticity. 

The first mean line of the optic axes in biaxial crystals, is the line 
bisecting the aciite angle formed by the optic axes. In prismatic 
crystals it is, according as the mean elastic axis is pro|jfjrtionat(ily 
small or large, either the greatest axis of optical elasticity (optically 
negative crystal), or the least (an optically positive crystal). The 
second mean line is the axis bisecting the obtuse angle, formed by the 
optic axes. I’he law of the prismatic system regarding the position of 
the optic axes for different colours, appears to be that the first mean 
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line of tlie optic axes is the same for every colour, in any given crystal 
species, but that the angle of the optic axes for each colour may be 
different. Furthermore, in this system, the axes of optical elasticity, 
and the mean lines, as well as the planes containing the optic axes, 
coincide in direction with the morphological axes. 

A beam of polarized light was employed to throw on a screen the 
stauroscopic phenomena produced in sections of crystals, cut perpen- 
dicularly to their optic axes, or to the first mean lines of these; and, 
by the use of absorbing coloured glasses, the different optic axes were 
shown to diverge more for some colours than for others in the prismatic 
system. 

Thus Rochelle salt exhibits the centres of the rings or brushes as far 
more divergent for tiie red rays than for blue, while in aragonite the 
converse is the case, though not in so emirient a degree. Mellate of 
ammonia (and Brookite al 'o) exhibit (as shown by Grailich) the 
wondei*fiil fact of a divergence of the red rays with the optic 
axes in the plane x 2 , while the optic axes for the blue rays lie in 
the plane y z. and those for green, converge at the centre, into a 
uniaxial system. 

The v.um plicated phenomena exhibited by sections of crystals 

belonging to the clinohedric {oblique and amrthic) systems were next 
made the subject of illustration, partly by diagrams and in part too by 
CNperiment. In the nionoclinohedric (the singly leaning prismatic 
j^ysfem), there is one plane of morphological symmetry, and it con- 
tains the two crystallographic axes that are inclined to each other; the 
tliird is railed “ the axis of symmetry,” and is the only true crystal- 
lographic axis in this system, that is fixed by morpholog'cal condi- 
tions. 'Fhc laws of the distributionQ«/i</ of the dispersion of the optic 
axes in this system, as given by Angstrom [Beer’s llbhere Optik, 
and Grailicli’s 'I'ranslation of Professor ^Miller’s Crystallography], 
are — lst,d’hat this morphological axis is also one axis of polarisation* ior 
all colours, without dispersion (/. c., without any divergence of the 
directions of vibration of the rays for different colours) ; but that 
the other two ares of polarisation are rertangular axes, and are 
dispersed for different colours diflerently in the plane of symmetry ; 
and 2ndly [Angstrom], there are three different cases peculiar to this 
system possible ; gypsum illustrates one of these, that namely, in which 
the morjihological axis is the second mean line, and the axes of 
the blue and red rays stand to each other in the positions of 
B U B R. 

Borax illustrated another of these cases, where the planes of the optic 
axes for the blue and for the red were so dispersed in the plane of 

symmetry as to he crossed thus : ^ the morphological axis being 

the first mean line. 

Finally, Adularia illustrates the position ^f tlie optic axes, in which 


* The use of th(f wo"d axU of pohtrisnlion instead of axis of elasticity, in this 
cMf-e is afterwards explaiued. 
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the planes containing tliem, for each colour, cross the plane of sym- 
metry, and the morphological axis is the second mean line, the first 
mean lines being dispersed for each colour along the plane of symmetry. 

This position is that ^ 

Thus far the conformity between crystalline symmetry and the 
distribution of optical elasticity, would seem sufiiciently near to bring 
the latter into the same category with the elasticity exhibited by the 
crystals under the solicitation of less subtle forces. But a nearer view 
of the phenomena goes far to dispel this expectation. 

For all the results that had been previously reviewed, an explana- 
tion more or less complete may be found in a simple hypothesis ; namely 
this, that the centres of gravity of the crystal -molecules are always 
arranged in planes which represent either actual or possible facettes : 
while the relative distances of molecule from molecule are the same 
in the same direction, but different for different directions. To disturb a 
molecule so as to move it out of its plane, would be to destroy the 
integrity of the molecular system. Magnetic orientation would only indi- 
cate the lines of greater or less distance between the molecules ; increase 
of thermic inteiisity (temperature), too, only causes a greater interval 
between the molecules without altering the crystallograj)hic relations 
of the planes they lie in — albeit that this increase of interval is 
different in different directions. These, and, in all prolxibility also, 
the other as yet less elaborated results of physical experiment, are 
thus explicable as dej)endenton the disposition of the mass centres of 
the molecules, and are so capable of being rendered subordinate to 
the fundamental law of crystallography. ^ 

But the h}pothesis above sketched in outline fails to explain r 
series of facts whicl^ Light reveals to us, and whicli show that the 
optical properties of a crystal cannot be directly dependent on the 
arrangement of th(? molecules. Among these are the following: — 
Firstly. The action of increased temperat\ire on a crystal, while it 
alters the volume of the crystal, does so by changing the values of the 
parameters, changing thereby too the refractive pow'ers of the substance. 
As such refractive powers vary generally inversely as the amount of 
elasticity and directly as the density of the light-transmitting medium 
varies, we might ex}>ect the variations in the parameters and 
refractive indices and also in the axes of elasticity to follow pari passu 
with the changes in the mokcular density in different directions as the 
crystal becomes expanded : nothing of tlie kind occurs. The axes 
of optical elasticity vary indeed (in aragonite for instance), but their 
orientation is quite dissimilar from that of the altered crystallographic 
axes ; i, e., the directions of the greatest mean and least parameters 
of the heated crystal, which measure its physical density, entirely differ 
from the corresponding directions of the greatest mean and least of 
the new axes of optical elasticity. 

2ndly. The speaker had already alluded to the remarkable fact of the 
crossing of the planes of the optic axes for different colours io mellate 
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of ammonia, brookite [Grailich], and other crystals, sudn as at a 
high temperature, glauberite [Brewster, Descloiseaux], and gypsum 
[Mitscherlich]. It is strange to tliink that thus in one and the same 
substance there should co-exist a principal direction of vibration of a 
different order {e,g, the a axis for the red, with the b axis for the 
violet), for different colours in one and the same direction. 

3rdly. Again, the prolific labours of Grailich, and his pupils, have 
established a most interesting and important law regarding isomorphous 
substances, viz. this : that the optical similarity between any series of 
isomorphous bodies frequently diminishes in proportion as the isoinor- 
^ j)hous chemical substances, not common to the 

a, _ different bodies, preponderate over those which are 
y common to them. 

Y-^ crystallographic orientation of the form com- 

^ mon to the isomorphous group of the following sub- 

z - stances, is expressed by the parameters in the order 

of their magnitude, a h c. 

In sulphate of pptash the optical elasticity is expressed by the 
symbol a c b ; in sulphate of ammonia by b a c ; in chromate of potash, 
-p' .4- 

by a c b ; the order of the letters indicating in each case the orientation 


of the different magnitudes, as expressed by the letter (a being greater 
than b and b than c), and as compared with the directions in space of 
tlie original crystallographic parameters ah c. 

Thus the chemical substance entirely overrules the crystalline 
arrangement in impressing on the crystallized body an optical elasticity ; 
so that we are driven to seek the fundamental cause of optical cha- 
racter, not in the arranyemcnt of molecules, but in the inner nature, 
constitution, structure of these, 

IIow, then, are these results, discordant as they are with crys- 
tallographic facts, to be reconciled with that general harmony betw'een 
morphological symmetry and crystallo-optical phenomena, which we 
have already in part accepted ? 

To this question, the answ^er is not readily found, ^t is, however, 
the more probable view, that the chemical units of matter (of the nature 
of which we are profoundly ignorant, and are without even analogies 
to guide us ; but which the atomic theorists, assume to be compounded 
of atoms in some form of geometrical arrangement, and clustered to- 
gether in chemical groups), form the basis of the crystalline system : that 
these are ordinated (with the ether of the mathematical theory) in higher 
groups which form the ultimate crystal-units-of-mass, or crystal mole- 
cules — but that the form and internal arrangement of the molecule 
bears a close analogy, and a general identity of symmetry, with the 
form of the crystal t>f which it is the constituent injiss-unit. 

The chemical units of mass we can at any rate treat as distinct 
meohaniciil units with centres of gravity, and centres of volume 
(probably distinct), and endow^ed with powers that cannot be the siime 
in different directions. J'he>e then would thus upbuild the molecular 
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units of mass of tlio crystal, ami would be arranged in the interior of 
those molecules in a manner closely analogous to the arrangement of 
the molecules in the crystal itself ; which, as was before stated, may be 
looked on (at any rate as an illustration to the mind of cryslallo- 
physlcid facts) as so co-ordinated in direction as that every plane in 
which a series of the centres of gravity of the molecules lies, must be 
(an actual or a possible) crystal plane. The mysterious ether assumed 
and adopted by the undulatury theory plays its part within the mole- 
cules and enshrouds its constituent chemical units of mass. 

On the one hand, then, axes, such as those of acoustic elasticity, 
of magnetic induction, or thermic axes, belong to the crystal as a 
whole, depending for their magnitude and direction on the Siutical con- 
dition and the relative arrangement of the molecules inter se. T!ie 
axes of optical ehisticity on the other hand will be the axes of elasticity 
of the hiolevule itself, that is, of the ether within it. But the elasticity 
of the ether, as exhibited by the velocity with which a ray is propa- 
gated in it along its different directions is controlled by the ac tion of 
tiie reposing ponderable units (or atoms at rest) on the ether particles 
in motion. As long as the directions in which the efher is constrained 
to vibrate, by reason of this perturbing action its axes of elasticity — 
are continuous throughout the crystal (as \^ill be the case if the 
neighbouring molecules are arranged inter ,se in the same symmetry as 
the ether particles in any one of the molecules, so that the neighbour- 
ing molecules do not distract those directions by a perturbing action 
oblique to theirs,) so long will the influenceof the material particles be 
confined to the exercise of a constraint on the velocity of each wave, 
whatever its length, i.C., colour; but it will not cause any dis[>erslon 
of these. This eoiidition of coiiicidenee in direction of the crystal- 
line and molecular axes occurs only in the rectangular systems ; 
and in the biaxial ones, therefore, only in the ib-isjuatic s\stem. 
But the coincidence is confined to direction, neither the magnitiule of 
the axes’, nor their orientation (as liad been shown) presenting any 
identity. 

In the oblique systems there i> no reason to assume (he obliquity in 
the molecule as of the same inclination that of the inclined axes of 
the ciy’stal. Thus these two sets of oblicpie axes cannot coincide in 
direction. Hence the perturbing influence of the jmnderable in.itter 
operates, by reason of this waiit of coincidence, in direc- ions other than 
those of the axes of the imlividual molecule, and extends its results to 
the directions of vihralion, iliat is to say, efl’ectsthe dispe/swn of these 
directions for different colours. In fact, for any light-wave now to 
traverse the crystal without being broken up, it must take directions 
neither coincident with the axes of elasticity of the inolecnle, nor with 
the crystalline axes. These directions will have different orientation 
for different colours), and, not being coincident with the thermic 
axes, will vary with the temperature. They will be rectangular axes 
— axes of a polarisation -ellipsoid, different for each colour — and will 
indicate the directions of ihe principal planes of polarisation, which 
must be normal to each other, and will al o prescribe the limits of the 
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■wave surface. They are the resultant axes of polarisatiqp, before 
alluded to ; they have 110 statical significiince in the crystal. 

Hut this subject enters here into the domain of mathematical analysis. 
Indeed, though experiment has effected much, and mathematical inter- 
j)retation more, for the establishment of the laws that control the 
difficult phenomena exhibited by oblique crystals, the subject is still 
one in which much has to be done, especially in determining the 
true axes of elasticity in these crystals. 

diie last subject touched on, and that briefly, was the impossibility 
of explaining the growth of a crystal by any architectural view, like 
that of Ilafiy, ie. by any view that supposes the crystal developed by 
the addition, one by one, as it were, of molecules, endowed only with 
force.', acting at minute distances and depositing themselves by virtue 
of these alone in their position. The fi\cts connected with the growth 
of a crystal in its mother-liquor point to quite a different conclusion. 

'riie simultaneous production of the corresponding facettes, 
however minute they may be, and however complicated the crystal form, 
upon the opposite ends or parts of it, and in the precise positions 
where symmetry requires them, needs for its explanation something akin 
to an iiji^iinct 111 the molecules, if we are to siqipose them so to deposit 
themselves, as that their deposition is independent of influences extend- 
ing at onceover tin* whole crystal, and to the mother liquid investing it. 
iremihedrisin points to the same result.* 

So too iiow are tlie inflnitc numbers of tOf'Sehited crystalline frag- 
menls that interpenetrate without any symmetrical orientation so many 
crystals [Lejdolt's Etcliing Experinumts on Quartz, Apoplivllite, e^c.] 
without interfering w'ith tlieir general form, to be explained? 

FinallY, the forms of crystals, say of fluor spar, or of calc sq^ar, 
from tli(' same mine, are similar, while tlio.se inetvyith in a neighhonr- 
iiig locality, where the conditions of deposit were different, are dllh rent 
from tliose. The typical forms of barytes as found in Cumberland. 
(*r in Auvergne, Schemnitz, Ac. are difl’ercut fur each locality, and 
so are often the hornblendes that occur in difterent rocks. < )ver large 
exients of country a mineral (eg. the augite of Southern Tyrol) will 
present constantly the same combinations of crystalline form. Salt is 
deposited in cubes from its simple aqueous solution, — in oetahedra 
when tl)at solution contains uric acid ; and alum presents the form of 
the cube when alumina is present in excess. 

In all these cases, therefore, — indeed, in every case — the growth of 
a crystal is an incxtdic.able thing, so long as we endeavour to trace its 
cause to powers residing in and confined to the molecules. A crystal, 
like a plant, is developed in a medium, and as the plant owei^ the 
si>ecial peculiarities of its individual form, notwithstanding the seem- 
ingly perfect freedom of its growth, to special circumstances ni the 


* Gi*ailich connects heinihtMlriFin (».«* the flevclopnieut of only the alteniate 
planes retjuired hy the t»)iiimetrv of the system of a crystal) vith a difference in 
p •'-ition of the ceiitivs of gravity an- 1 eentres of volume in the molecules. — {Privtile 
I y 11' /.) 
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soil, the air, the weather during that growth ; and its general similarity 
to other plants of its kind, to the organic laws that controul the con- 
ditions of its species ; so must the crystal be considered as the result 
of many co-operating influences, including those of the foreign consti- 
tuents of the mother liquid, those of temperature and other physical 
conditions, and involving the principle that the molecules, whetiier 
those deposited, or those about to become so, affect and are affected by 
— and that to considerable distances — the whole of the formed and 
forming crystal matter. 

It would be as useless to expect to explain the growth of a crystal 
without some such view as this, as to endeavour to account for the 
growth or outward form of a particular plant by the development of 
a single leaf. 

In closing the remarks made in this discourse upon the theoretical 
bearings of crystallo-physical and especially optical investigation, on 
our views of the structure and constitution of crystals, the speaker 
could only allude to the important practical services they have already 
rendered to mineralogy, especially in the able hands of M. Descloi- 
seaux in Paris, who has been enabled to determine several mineralogical 
species by their means. 

[N. S.-M.] 



Friday, June 10, 18o9. 

The Prince Consort, Vice-Patron, in the Chair. 
John Tyndall, Esq. F.R.S. 

•-''On OF vArriMT rniio‘'*HMiY, tn-tmi ii<iv. 


On the Trammission of Heat oj dijfercni qmdUas through Gases of 
different kinds. 

Some analogies between sound and liglit wen* tiist pointed out : a 
specMfurn from the elect lie light was throAvn upon a screen — the spec- 
trum was to the eye wdial an orchestra was to the ear — the different 
colours were analogous to notes of ditlerc'iit j)itch. But beyond the 
visible s])ectrum in both dire(“ti(ms there were rays which excited no 
impression of light. J liose at the red end excited heat, and the 
reason why they faiU'd to excite light probably was that they never 
reached the retina at all. This followed from the experiments of 
Briicke and Knoblauch. These obscure rays had been discovered by Sir 
Win. llerscln'l, and tin' speaker demonsirated their existence by placing 
a thermo-elecliic pile near to the red end of the sjiectrum, but still 
outride of it. The needle of a large gahanoineter connected wdth the 
pile was d(*tlected and came to rest in a position about 4o degrees 
from zero. A glass cell, containing the transparent vitreous humour 
of the eye of an ox, was now placid in the path of the rays : the light 
tlie spectrum was not perccj)tibly diminished, but the needle of the 
galvanometer fell to zero, thus ])ro\ ing that the obscure rays of the 
s[K'Ctrum, to which the galvanomctric deflection was due, were wholly 
absorbed by the humours of the eye. 

Iveference was made to the excellent researches of Melloni. In a 
simple and ingenious manner he had proveil the law of inverse squares 
to be true of radiant heat passing through air, and the eminent 
Italian inferred from his experiments that for a distance of 18 or 20 
feet, the action of air iqKni radiant heat was totally inappreciable, 
'riiis is the only exiicrimental re.snlt now known regarding the trans- 
mission of radiant heat from terrestrial sources tlirough air ; with 
regard to its transmission llirough other gases it was believed that 
we w(‘re wdthont any information. 

It was, however, very desirable to examine the action of such 
media — desirable on purely scientific grounds, and also on account of 
certain speculations which had been based upon the supposed deportment 
of the atmosphere as regards radiant heat. These speculations were 
originated by Fourier ; but it was to M. Fouillet’s celebrated Memoir, 
ami the recent excellent paper of Mr. llo[>kins, to which we were 



LIBRARY OF SCIENCE 


306 

indebted for their chief development. It was supposed that the rays 
from the sun and fixed stars could reach tlie earth through the 
atmosphere more easily than the rays emanating from the earth could 
get back into space. This view required experimental verification, and 
the more so, as the only experiment we possessed was the negative 
one of Melloni, to which reference has been already made. 

The energetic action of the solid and liquid compounds into which 
the element hydrogen enters, suggested the thought that hydrogen gas 
might act more powerfully than air, and the following means were 
devised to test this idea. A tube was constructed, having its ends 
stopped air-tight by polished plates of rock-salt held between suitable 
washers, which salt is known to be transparent to heat of all kinds ; the 
tube could be attached to an air-pumj) and exhausted, and any 
required gas or vapour could be admitted into it. A thermo-electric 
pile being placed at one end of the tube, and a source of heat at the 
other, the needle of an c^xtrernely sensitive galvanometer connected 
with the pile was d(‘H(‘ctcd After it had ciuiu' to vv^t. the air was 
j)umicd fnnn the tnhe, *uul the needle was carefully f'hsersed to see 
whether the removal of the air had any infiuence on the transmission 
of the heat. No such influence showed itself — the needle remained 
perfectly steady. A similar result was obtained when hydrogen gas 
was used instead of air. 

Thus foiled, the speaker put his questions to Nature in the follow- 
ing way : a source of heat, having a temperature of about 3(K)' C.. was 
jdaced at one end of the tube, and a thermo-electric ])ilo at the other — 
a large deflection was the consequence. Round the astatic needle, 
however, a second wire 'was coiled, thus forming a so-called ditfercniial 
galvanometer; a second pile was connected with this second wire, so 
that the current from it circulated round the needle in a direction 
opi)osed to that of tire current from the first pile. The second pile 
was caused to approach the source of heat until both currents exactly 
neutralised each other, and the needle stood at zero. Here then we 
had two powerful forces in equilibrium, and the question now was 
whether the removal of the air from the tube would disturb this balance. 
A few strokes of the air-pump decided the question, and on the entire 
removal of the air the current from the pile at the end of the tube 
predf>minated over its antagonist from to .OO®. (In readmitting the 
air the needle again fell to zero; thus proving beyond a doubt that the 
air within the tube intercepted a portion of the radiant heat. 

The same method was ajiplied with other gases, and witli most 
remarkable results. Gases dift’er probably as much among themselves 
with regard to their action upon radiant heat as liquids and solids do. 
Some gases bear the same relation to others that alum does to rock- 
salt. The speaker compared the action of perfectly transparent coal- 
gas with perfectly transparent atmospheric air. I’u render the efl'ect 
visible to the audience, a large plano-convex lens was fixed between two 
upright stands at a certain height above a delicate galvanometer. 
The dial of the instrument was illuminated by a sheaf of rays from an 
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electric lanij), the sheaf being sent through a solution of alum to sift it 
of irs heat, and thus avoid the formation of air-currents within the glass 
shade of the instrument. Above the lens was placed a looking-glass, 
so inclined that the magnified image of the dial was thrown upon a 
screen, where the movements of the needle could be distinctly observed 
by the whole audience. Air was first examined, the currents from the 
two piles being equilibrated in the manner described, the tube was 
exhausted, and a small but perfectly sensible deflection was the result. 
It was next arranged that the current from tlio pile at the end of the 
tube predominated greatly over its antagonist. Dry coal-gas was now 
admitted into tlie tube, and its action upon the radiant heat was so 
energetic, the (juantity of heat which it cut off was so great, that the 
needle of the galvanometer was seen to move from about 80^ on one 
side of zero to 80“ on the otlier. On exhausting the tube the radiant 
heat passed copiously through it, and ilie needle returned to its first 
positiem. 

Similar difterenccs have also been establislied in the case of vapours. 
As representatives of this diverM‘ action, the vapour of ether and of 
bisulphide of carbon mav be taken. For eipial volumes, the (piantity 
of beat naeice])ted b> the former is enormously greater than that inter- 
cepted by the latter. 

To test the influence of the following experiment was 

dev ised. A powerful lime liglit was placed at one end of the tube, 
and the rays from it, concentrated by a convex lens, were sent through 
the tube, liaviiig previously been caused to pass through a thin layer of 
pure water. The heat of tiie luminous beam excited a thermo-electric 
current in the pile at the end of the exhausted tube ; and this current 
being neutralised by the current from the second pile, coal-gas was 
admitted. This powerful gas, however, had no sensible effect upon the 
heat selected from the lime light ; while the same quantity of heat, 
from an obscure source*, was strongly affected, 

Tlie bearing of this experiment upon the action of planetary 
atmospheres is obvious. Tlie solar heat possesses, in a far higher 
degree than that of the lime light, the power of crossing an atmo- 
sphere ; but, and when the heat is absorbed by the p^-met, it is so 
changed in quality tliat the rays emanating from the planet cannot get 
with the same freedom back into space. Thus the atmosphere admits 
of the entrance of the solar heat, but checks its exit ; and the result is 
a tendency to accumulate heat at the surface of the planet. 

In the admirable paper of M. Pouillet already referred to, this 
action is regarded as the cause of the lower atmospheric strata being 
warmer than the higher ones ; and Mr. Hopkins has shown the possible 
infinence of such atmospheres upon the life of a planet situated at 
a great distance from the sun. We have hitherto confined our 


The (jnnnlitjf of heat is measured by the amount of the galvanometric deflec- 
tion which it produces; its power of passing through media may be taken as a 
test of qualilff. 
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attention to solar heat; but were the sun abolished, and did stellar 
heat alone remain, it is possible that an atmosphere which permits 
advance, and cuts off retreat, might eventually cause such an accumu- 
lation of small savings as to render a planet withdrawn entirely from 
the influence of the sun a warm dwelling-place. But whatever be the 
fate of the speculation, the experimental fact abides— that gases absorb 
radiant heat of difierent qualities in different degrees ; and the action 
of the atmosphere is merely a particular case of the inquiry in which 
the speaker was at present engaged. * 

[J. T.] 


• While correcting the proof of this abstract, I learned that Dr. Franz had 
arrived at the conclusion that an absorption of 3 ’54 per cent, of the heat passing 
through a column of air 90 centimeters long takes place ; for coloured gases he 
finds the absorptiem greater ; but all colourless gases he assumes show no marked 
divergence from the atmosphere.— Poggendorff*s Annaleiij xciv. p. 337. 



Friday, June 17, 1859. 

'liiE Lord Wensleydale, Vice-President, in the Chair. 

Professor Faraday, D.C.L. F.ll.S. 

On Phosphor escenccy Fluorescence^ ^c. 

The agent understood by the word “light,” presents phenomena so 
varied in kind, and is excited to sensible action by such different 
causes, acting apparently by methods difiering greatly in their physical 
nature, that it excites the hopes of tlie philosopher much in relation to 
the connexion which exists between all the physical forces, and the 
expectation* tl**^t that connexion may be greatly developed by its means. 
This consideration, with the great advance in the experimental part 
of the subject which has recently been made by K. Becquerel, were 
the determining causes of the production of this subject before the 
members of tlm Royal Institution on the present occasion. 

The well known effect of light in radiating from a centre, and ren- 
dering bodies visible which are not so of themselves, as long as the 
tMuission of rays was continual — the general nature of the undulatory 
view, and tlie fact that the mathematical theory of these assumed 
undulations was the same with that of the undulation of sound, and'of 
any undulations occurring in elastic bodies, were referred to as a starting 
position. Limited to this effect of light it was observed that the 
illuminated body was luminous only whilst receiving the rays or un- 
dulations. 

But superadded occasionally to this effect is one known as jpAtw- 
phoresentee, which is especially evident when the sun is employed as the 
source of light. Thus, if a calcined oyster-shell, a piece of white paper, 
or even the hand, be exposed to the sun’s rays and then instantly placed 
before the eyes in a perfectly dark room, they are seen to be visible 
after the light has ceased to fall on them. There is a further philosophi- 
cal difference, which may be thus stated ; if a piece of white oyster- 
shell be placed in the spectrum rays issuing from a prism, the parts 
will, as to illuniinatioii, appear red, or green, or blue, as they come 
under the red, green, or blue rays : whereas if the phosphorescent 
effect be observed, i.e. that eficct remaining after the illuminating rays 
are gone, the light will either be white, or of a tint not depending 
upon the colour of the ray producing it, bu’ upon the nature of the 
substance itself, and the same for all the rays. 

The ray which ccmies to the eye in an ordinary case of visibility, 
may be considered as that which, emanating from the luminous body. 
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has impinged upon the substance seen, and has been deflected into a 
new course, namely towards the eye ; it may be considered as the 
same ray, both before and after it has met with the visible body. But 
the light of phosphorescence cannot be so considered, inasmuch as 
lime is introduced ; for the body is visible for a time sensibly after it 
has been illuminated, which time in some cases rises up to minutes, and 
perhaps hours. This condition connects these phosphorescent bodies 
with those which phosphoresce by heat, as apatite and fluor-spar ; for 
when these are made to glow intensely by a heat far below redness, it 
is evident that they have acquired a state which has enabled them for 
a time to become original sources of light, just as the other phospho- 
rescent bodies have by exposure to light acquired a like state. And 
then again there is this further fact, that as the fluor spar which has 
been heated, does not phosphoresce a second time when reheated, 
still it may be restored to its first state by passing the repeated dis- 
charge of the electric spark over it, as Pearsall has shown. 

Then follows on (in the addition of effect to effect) the phenomena 
of fluorescence^ and the fine contributions to our knowledge of this 
part of light by Stokes. If a fluorescent body, as uranium glass, or a 
solution of sulphate of quinine, or decoction of horse-chestnut bark are 
exposed to diffuse day-light, they are illuminated, not merely abundantly 
but peculiarly, for they appear to have a glow of their own ; and this 
glow does not extend to all parts of the bodies, but is limited to 
the parts where the rays first enter the substances. Some feeble 
flames, as that of hydrogen, can produce this glow to a considerable 
degree. If a deep blue glass be held between the body and the rays 
of the sun, or of the electric lamp, it seems even to increase the effect ; 
not that it does so in reality, but that it stops very many of ’The luminous 
ray, yet lets the rays producing this effect pass through. By using 
the solar or electric spectrum, we learn that the most effectual rays are 
in most cases not the luminous ones, but are in the dark part of the 
spectrum ; and so the fluorescence appears to be a luminous condition 
of the substance, produced by dark rays which are stopped or consumed 
in the act of rendering the fluorescent body luminous: so they produce 
this effect only at the first or entry surface, the passing ray, though the 
light goes onward, being unable to produce the cff'ect again ; and this 
effect exists only whilst the competent ray is falling on to the body, for 
it disappears the instant the fluorescent substance is taken out of the 
light, or the light shut off‘ from it. 

When E. Becquerel attacked this subject he enlarged it in every 
direction.* First of all, he prepared most powerful phosphori ; these 
being chiefly sulphurets of the alkaline earths, strontia, baryta, lime. By 
treatment and selection he obtained them so that they would emit a 
special colour : thus, seven different tubes might contain preparations 
which exjwsed to tlie sun, or diffused day-light, or the electric light, 
should yield the seven rays of the spectrum. Tlie light emitted 


* Aanales de Chimie et de Physique, 1859 , tome Iv. p. l. 
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generally possessed a lower degree of refrangibility than the ray causing 
the phosphorescence ; but in some instances he was able to raise the 
refrangible character of the ray emitted to that of the exciting ray. 
liy taking a given preparation, afid raising it to different temperatures, 
he caused it to give out different coloured rays by the single action of 
one common ray ; this variation in power returning to a common 
degree as the temperatures of the phoS>phori became the same in all. 
He showed that time was occupied in the elevation of the phosphores- 
cent state by the ray ; and also that time was concerned in various 
degrees during the emission of tlie phosphorescent ray : that this time, 
which in many cases was long, might be affected, being shortened by 
the action of heat, and then the brilliancy of the phosphorescence for 
the shortened time was increased. lie showed the sj)ecial relation of 
the different phosphori to the different rays of the spectrum, pointing 
out where the maximum effect occurred ; also that there were the 
equivalents of dark bands, i.c. bands in the spectrum, where little or 
no phosphorescence was produced. 

Tliese phosphori were many of them highly fluorescent. Thus, if 
one of them was exposed to the strong voltaic light, and then placed 
in the datk, u seen to be brilliantly liuninons, gradually sinking in 
briglitness, and ultimately fading away altogether : but if it were held 
in the rays beyond the violet end of the spectrum (the more luminous 
rays being shut t)ff ) it was again seen to be beautifully luminous, but 
that state disappeared the instant it was removed from the ray. Now 
this is fluorescence, and the same body seemed to be both phosphorescent 
and fluorescent. Considering this matter, and all the circumstances 
regarding time, l^ecquerel was led to believe that these two luminous 
eouditioiis differed essentially only in the time during which the state 
excited by the exposure to light continued ; that a body being really 
phosphorescent, but whose state fell instantly, was fluorescent, giving 
out its light while the exciting ray continued to fall on it, and during 
that time only ; and thata jdiosphorescent was only a more sluggish, 
body, which continued to shine after the exciting ray was withdrawn. 
'Fo investigate this point he invented the phosphoroscope ; an apparatus 
which may vary in its particular construction, but in which discs or 
other surfaces illuminated by the sun or an electric lamp, might, by 
revolution, be rapidly [dared before the eye in a dark chamber, and so 
be regarded in the shortest possible space of time after their illumina- 
tion. lly such an apparatus Becquerel showed that all the fluorescent 
bodies were really phosphorescent ; but that the emission of light 
endured only for a very short time. 

An extensive series of experimental illustrations upon the foregoing 
points was made with fine specimens of jdiosphori, for whicii the speaker 
was indebted to M. Becquerel himself. The phosphoroscope employed 
consisted of a cylinder of wood, one inch in diameter and seven inches 
long, j)laced in the angle of a black box with the electric lamp inside, 
so that three-fourths of the cylinder w'ere external, and in tlie dark 
chamber where the audience sat, and one-fourth was within the box, and 
in the full [)ower of the voltaic light. By proper mechanical arrange- 
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ments this cylinder could be revolved, and the part which was at one 
instant within, rapidly brought to the outside, and observed by the 
audience. As the cylinder could be made to revolve 300 times in a 
second, and as the twentieth part of a revolution was enough to bring a 
sufficient portion of the cylinder to the outside, it is evident that a 
phosphorescent effect which would last only the I -3000th or even the 
I -6000th of a second might be made apparent. All escape of light 
between the moving cylinder and the box was prevented by the use of 
properly attached black velvet. 

The cylinder was first supplied with a surface of BecquereEs 
phosphor!. The effect here was, that when by rotation the part 
illuminated was brought outside the box it was found phosphorescent. 
If the cylinder continued to rotate it appeared equally luminous all 
over, and when the rotation ceased, or the lamp was extinguished, the 
light gradually sank as the phosphorescence fell. Then a cylinder 
having a surface of quinine or aesculin was put into the apparatus. 
Whilst the cylinder was still it was dark outside ; but when revolving 
with moderate velocity it became luminous outside, ceasing to be so 
the moment the revolution stopped. Here the fluorescence was evi- 
dently shown to occupy time ; indeed, the full time of a revolution : 
and taking advantage of that, the self-shining of the body was separated 
from its illumination within, and the fluorescence made to assume the 
character of phosphorescence. Another cylinder was covered with 
crystals of nitrate of uranium, a hot saturated solution having been 
applied over it with a fine brush. The result was beautiful. A 
mc^erate degree of revolution brought no light out of the box ; but 
with increas^ motion it began to appear at the edge. As the rapidity 
became greater, the light spread over the cylinder, but it'-eould not be 
carried over the whole of its surface. It issued as a band of light 
where the moving cylinder left the edge of the box, diminishing 
in intensity as it went on, and looking like a bright flame, wrapping 
round half the cylinder. When the direction of revolution was re- 
versed, this flame issued from the other side ; and when the motion of 
the cylinder was stopped, all the phenomena of fluorescence or phospho- 
rescence disappeared at once. The wonderfully rapid manner in which 
the nitrate of uranium received the action of the light witMn the box, 
and threw off its phosphorescence outside, was beautifully shown. 

The electric light, even when the discharge is in rarefied media, or 
as a feeble brush, emits a great abundance of those rays, which produce 
the phenomena of fluorescence ; but then if these rays have to pass 
through common glass they are cut off, being absorbed and destroyed 
even when they are not expended in producing fluorescence or phos- 
phorescence. Arrangements can however be made in which the 
advantageous circumstances can be turned to good account with 
such bodies as BecquereEs phosphor! or uranium glass. If these be 
enclosed within glass tubes, having platinum wires at the extremities, 
and which are also exhausted of air and hermetically sealed, then the 
discharges of a Ruhmkorff coil can be continually sent over the phos- 
phor!, and the effects both fluorescent and phosphorescent be beauti- 
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fully shown. The first or immediate light of the body is often of one 
colour, whilst on the cessation of the discharge the second or deferred 
light is of another ; and many variations of the effects can be pro- 
duced. 

In connexion with rarefied media it may be remarked, that some of 
the tubes by Geissler and others have been observed to have their 
rarefied atmospheres phosphorescent, glowing with light for a moment 
or two after the discharge through them was suspended. Since then 
Becquerel has observed that oxygen is rendered phosphorescent, i.e, 
that it presents a persistent effect of light, when electric discharges are 
passed through it. I have several times had occasion to observe that a 
flash of lightning, when seen as a linear discharge, left the luminous 
trace of its form on the clouds, enduring for a sensible time after the 
lightning was gone. I strictly verified this fact in June, 1857, record- 
ing it in the “ Philosophical Magazine,”* and referred it to the phos- 
phorescence of the cloud. 1 liave no doubt that that is the true 
exjdanation. Other phenomena, having relation to fluorescence and 
phosphorescence, as the difference in the light of oxygen and hydrogen 
exploded in glass globes, or in the air, were referred to, with the 
expression oi strong hopes that Becquerers additions to that branch of 
science would greatly explain and extend them. 

[M. F.] 


Pliilosophical Magazine, June, 1857, p. 606. 



Friday, January 20, 1860. 


Sir Benjamin Collins Brodie, Bart. President of the Boyal Society, 
Vice-President R.T. in the Chair, 

John Tyndall, Esq. F.R.S. 

PROFEg.<iOR OF NATLTIAL rHlU'SOrUT IN IHE ROYAL INSTITUTION. 

On the Influence of Magnetic Force on the Electric Discharge. 

The intention of the speaker was to bring before the meeting a series of 
experiments illustrative of the constitution of the electric discharge and 
of the action of magnetism upon it. The substance of the discourse 
was derived from the researches of various philosophers, its form being 
regulated to suit the requirements of the audience. 

1. The influence of the transport of particles was first shown by an 

experiment suggested, it was believed, by Sir John TIerschel, and per- 
formed by Professor Daniell. The carbon terminals of a battery of 
40 cells of Grove were brought within onc-eighth of an inch of each 
other, and the spark from a Leyden jar was sent across this space. 
This spark bridged with carbon particles the gap which had previously 
existed in the circuit, and the brilliant electric light due to the passage 
of the battery current was immediately displayed. ^ 

2. The magnified image of the coal points of an electric lamp was 
projected upon a whit§ screen, and the distance to which they could be 
drawn apart without interrupting the current was noted. A button of 
jHire silver was then introduced in place of the positive carbon, a 
luminous discharge four or five times the length of the former being 
thus obtained. The silver was first observed to glow, and afterwards 
to pass into a state of violent ebullition. A narrow dark sjiace was 
obterved to surround one of the poles, corresjionding probably with 
the dark space observed in the discharge of Ruhmkorff*s coil through 
rarefied media.* 

3. The action of a magnet upon the splendid stream of green light 
obtained in the foregoing experiment was exhibited. A small horseshoe 
magnet of Logemann was caused to approach the light, which was 
bent hither and thither, according as the poles of the magnet changed 
their position : the discharge in some cases formed a magnificent green 
bow, which on the further approach of the magnet was torn asunder, 
and the passage of the current thereby interrujited. It wsis Davy 
who fir.st showed the action of a magnet upon the voltaic arc. The 


* Mr. Farad ly noticed this dark stripe ^hile the speaker ^as making his pre- 
paratory experiments. 
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transport of matter by the current was further illustrated by a series 
of deposits on glass obtained by Mr. Gassiot from the continued dis- 
charge of an induction coil. 

4. A discharge from KuhmkorfF’s coil was sent through an 
attenuated medium ; and the glow, which surrounded the negative 
electrode was referred to. One of the most remarkable effects hitherto 
observed was that of a magnet upon this negative light. Pliicker had 
shown that it arranges itself under the influence of the magnet exactly 
in the direction of the magnetic curves. Iron filings strewn in space, 
and withdrawn from the action of gravity, would arrange themselves 
around a magnet exactly in the manner of the negative light. 

An electric lamp was placed upon its back ; a horseshoe magnet 
was ])lacfcd horizontally over its lens, and on the magnet a plate of 
glass : a mirror inclined at an angle of 45” received the beam from the 
lamp, and projected it upon the screen. Iron filings A^ere scattered on 
the glass, and the magnetic curves thus illuminated were magnified, 
and brought to clear definition upon the screen. The negative light 
above referred to arranges itself, according to Plucker, in a similar 
manner. * 

5. The rotation of an electric current round the pole of a magnet, 
discovered by Mr. Faraday in the Poyal Institution, nearly forty 
years ago, was next shown ; and the rotation of a luminous current 
from an induction coil in an exhausted receiver by the same magnet 
was also exhibited, and both shown to obey the same laws. This 
beautiful experimeiit was devised by l)e la Kive. 

6. Into a circuit of 20 cells a large coil of copper wire was intro- 
duced, and when the current was interrupted, a bright spark, due to 
the })assage of the extra current, was obtained. The brightness and 
loudness of tlie spark were angmentod when a core of soft iron was 
placed within the coil. The disruption of the current took place 
between llie poles of an electro-magnet ; and wlien the latter was 
excited, an extraordinary augmentation of the loudness ot the spark 
was noticed. This cfiect was first obtained by Page, and was for a 
time thought to denote a new property of the electric current. 

Put Hijke had sliowii in a ])aper, the interest of wnich is by no 
means lessened by the modesty with wdiich it is written, that the effect 
observed by Page is due to the sudden extinction of the primary spark 
by tlic magnet ; which suddenness concentrates the entire force of the 
extra current into a moment of time. Speaking figuratively, it was the 
concentration of what, under ordinary circumstances, is a mere push, 
into a sudd(m kick of projectile energy. 

7. The contact-breaker of an induction coil was removed, and a 
current from five cells was sent through the primary wire. The ter- 
minals of the secondary wire being brought very close to each other, 
when the primary w^as broken by the ha’-J, a minute spark passed 
between the terminals of the secondary. When the disruption of the 
primary was effected between the poles of an excited electro-magneti 
the small spark was greatly augmented in brilliancy. The terminals 
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were next drawn nearly an inch apart. When the primary was broken 
between the excited magnetic poles, the spark, from the secondary 
jumped across this interval, whereas it was incompetent to cross one- 
fourth of the space when the magnet was not excited. This result was 
also obtained by Rijke ; who rightly showed, that in this case also the 
augmented energy of the secondary current was due to the augmented 
speed of extinction of the primary spark between the excited poles. 
This experiment illustrated in a most forcible manner the important 
influence which the mode of breaking contact may have upon the 
efficacy of an induction coil. 

The s[)lendid effects obtained from the discliarge of RuhmkorfTs 
coil through exhausted tubes were next referred to. The presence of 
the coil had corapliciited the theoretic \iews of ])hilo&ophcrs, with 
regard to the origin of those effects ; the intermittent action of the 
contact-breaker, the primary and secondary currents, and their mutual 
reactions, producing tertiary and other currents of a higlier order, had 
been more or less invoked by theorists, to account for the effects 
observed. Iklr. (lassiot was the first to urge, with a water battery of 
3500 cells, a voltaic spark across a space of air, before bringing the 
electrodes into contact : with the self-same battery he had obtained 
discharges through exhausted tubes, wdiich exhibited all the ])hcno- 
inena hitherto ob>erved with the induction coil. He thus swept away a 
host of unnecejsary complications which had entered into the specula- 
tions of theorists upon this subject. 

8. On the pieseut occasion, through the kindness of Mr. Gassiot, 
the speaker was enabled to illustrate the subject by means of a battery 
of 400 of Grove’s cells. The tension at the ends of thejbattery was 
first shown by an ordinary gold-leaf electroscope; one otid of the 
battery being insulated, a wire from the otlier end was connected with 
the electroscope ; the -leaves diverged ; on now connecting the other 
end of the battery with the earth, the tension of the end connected 
with the electrometer rose, according to a well-known law, and the 
divergence was greatly augmented. 

9. A large receiver (selected from Mr. Cassiot’s fine collection), 
in which a vacuum had been obtained by filling it with carbonic 
acid gas, exhausting it, and permitting the residue to be absorbed by 
caustic potash, was placed equatorially betw'een the poles of the large 
electro-magnet. The jar w^as about six inches wide, and the distance 
between- its electrodes was ten inches. 'Fhe negative electrodes con- 
sisted of a copper dish, four inches in diameter, the p(^s‘tivc one was a 
brass wire. 

On the 16th of this month an accident occurred to tins jar. Mr. 
Faraday, Mr. (Jassiot, and the sf)eaker had been observing the dis- 
charge of the nitfic acid battery through it. Stratified discharges 
passed when the ends of tlie battery were <*onnccted w^itli tljc electrodes 
of the receiver; and on one occasion the discharge exhibited an extra- 
ordinary effulgence ; the ])ositive wire emitted light of dazzling briglit- 
nt^ss, and finally gave evidence of fusion. (Jn interrupting tlio circuit, 
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the ])ositive wire w;is found to be sliortened about half an inch, its 
metal having been scattered by the discharge over the interior surface 
of the tube. 

10 The receiver in this condition was placed before the audience 
in the jiosition mentioned alxne. When the ends of the 400-cell 
battery were connected with the wires of the receiver, no discharge 
passed; but on toiicliing momentarily with the huger any portion of 
ttie wire between tlie positive eh etrode of the receiver and the positive 
pole of the battery, a brilliant discharge instantly passed, and continued 
as long as the connexion with tlie battery was maintained. This 
e\[)erlnient was several tinms repeated : the connexion with the ends 
of the battery was not sufficient to produce the discharge, but in all 
ca^es the touching of the positive wire caused the discharge to Hash 
through the r('cei\ (t. 

l*iHi\ious to llu‘ fusioji of the wire abo^e referred to, this discharge 
usually exhibited line stratifii'alion : its geueial character now w^as 
that of a steady glow, through which, however, intermittent lumin- 
ous gushes took jdace, each of which presented the stratified 
a})pearance. 

11. (m exciting the magnet between whose poles the receiver was 
placed, the steady glow curved up or down according to the polarity 
of the magnet, and resolved itself into a series of effulgent transverse 
bars of light. These ajipeared to travel from the positive wire along 
tlie surface of the jar. 'i he detleeted luminous current was finally 
extinguished by the action of the magnet. 

12. Wlieu the circuit of llio magnet was made and immediately 
interrupted, (lie a}>peaiance of the discharge was extremely singular. 
At first the strata ru>hed from the positive electrode along the upjier 
surface of the jar, then stopped, and ajjpeared to return upon their 
former track, aiul pass successively with a deliberate motion into the 
positive electrode. They were perfectly detached from each other ; 
and their successive engulpliments at the positive electrode were so 
slow as t«) bo capable of being coimted aloud with the greatest ease. 
This deliberate retreat of the strata towards the positive pule was due, 
no doubt, to the gradual subsidence of the power of the magnet. 
Artitieial means might probably be devised to render the recession of 
Ine discharge still slower. 4 he rise of power in the magnet w^as also 
beautifully indicatcil by the deportment of the current. 

After the current liad been once fpieuelu'd, as long as the magnet 
rcmaincdexcited.no diseliarge passed : but on breaking the magnet 
circuit, the luminous glow reappeared. Not only then is there an 
action of the magnet upon the particles transported by an electric 
current, but the above e\i)erinK‘nt indicates that there is an action of 
the magnet upon tlie electrodes themselves, which actually prevents 
the esciipe of tlieir particles. The iiifln nee of tlie magnet upon 
the electrode would thus ajipcar to be prior to the passage of the 
current. 

13 The discharge of the battery was finally sent through a tube, 
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whose platinum wires were terminated by two small balls of carbon ; 
a glow was first produced ; but on heating a portion of the tube con- 
taining a stick of caustic potash, the positive ball sent out a luminous 
protrusion, which subsequently detached itself from the ball ; the tube 
becoming instantly afterwards filled with the most brilliant strata. 
There can be no doubt that the superior effulgence of the bands 
obtained with this tube is due to the character of its tdectrodes : the 
hands are the transported matter of these electrodes. IVIay not this be 
the case with other electrodes? There appears to be no uniform flow 
in nature ; we cannot get either air or water through an orifice in a 
uniform stream ; the friction against the orifice is overcome by starts, 
and the jet issues in pulsations. Let a lighted candle be quickly 
passed through the air ; the llamo will break itself into a beaded line 
ill virtue of a similar intermittent action, and it may be made to sing, 
so regular are the pulses produced by its passage. Analogy miglit 
le*ad us to suppose that the electricity overcomes the resistance at tlie 
surface of its electrode in a similar manner, escaping from it in 
tremors ; the matter which it carries along with it being broken up 
into strata, as a liquid vein is broken into drops.* 

[J. T.] 


• Mr. Gassiot has shown that a single discharge of the Leyden jar produces the 
stratification. May not every such discharge correspond to a single draw of a 
violin bow across a string ? 



Friday, March 2, I860. 


Sir Henry Holland, Bart. M.D. F.R.S. Vice-President, 
in the Chair. 


Professor H. E. Roscoe, 

On the Measurement of the Chemical Action of the Solar Rays. 

Those portions of the solar rays which vibrate most slowly, and are 
situated near the red end of the spectmm, are those which mainly 
regulate the alterations of temperature on the surface of our planet. 
They are, par excellence^ the heating rays. They principally produce 
all those motions in our atmosphere which we term winds ; they effect 
those grand phenomena of distillation and deposits which we call rains ; 
and the amount and distribution of those heating rays at any point on 
the earth's surface determines the thermal climate of that point. 

On a scale, perhaps less grand, but certainly not less important as 
regards their effects, are the actions produced by the most rapidly 
vibrating portion of the sun's rays ; those, namely, which are situated 
near the violet end of the spectrum. These rays have been called the 
chemical rays, because it is by these especially that the chemical 
action of the sunlight is effected. It is in presence of these rays alone 
that the plant is enabled to decompose the carbonic acid of tlie air, to 
assimilate the carbon, restoring the oxygen for the subsequent use of 
animals. Hence the amount and distribution of these rays at any given 
place regulates to a great extent the character of the fauna and flora ; 
gives, in short, the ‘‘chemical climate” of the place. 

The measurement of the quantity of this solar energy, falling at 
any time on a given spot ujKin the earth’s surface, must be a subject of 
primary importance in the determination of the physictil histor}^ of our 
globe. We fortunately possess a method, although it is only a com- 
parative one, for measuring the amount of effect which the heating rays 
produce, that is for measuring temperature. No such mode of measure- 
ment for those of the solar rays which especially effect chemical action 
has, up to the present time, been adopted : not that meteorologists 
have ignored the importance of the subject, but because the difficulties 
which beset the establishment of a measuring instrument for chemical 
action were considered to be insurmountable. 
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The speaker remarked, that his object was to bring before his 
audience the principles and mode of action of a method employed for 
the measurement of the chemical action of light. 

As an illustration of the chemical action of light, attention was 
directed to the fact, that when a perfectly pure mixture of exactly equal 
volumes of chlorine and hydrogen gases is exposed to light, the gases 
combine, producing an equal volume of hydrochloric acid gas, whilst 
no such combination occurs in the dark. This combination may occur 
gradually, or with great rapidity. If the chemical activity of the light 
be great, the union takes place quickly, great heat is evolved, a sudden 
expansion takes place, and tlie vessel containing the mixture of chlorine 
and hydrogen is shattered by the explosion. Tlie gradual or slow 
combination may be rendered evident by allowing the hydrochloric acid 
thus formed to be absorbed by water ; the consequent diminution of 
bulk of the gas accurately representing the chemiciil action effected. 

This mixture of equal volumes of chlorine and hydrogen is used as 
the sensitive substance for measuring the chemical action of light. It 
is evolved in the perfectly pure state by the electrolytic decomposition 
of strong aqueous hydrochloric acid ; and it is by this method only, 
that it can be prepared. The gases thus evolved are in the exact pro- 
portion in which they exist in hydrochloric acid ; so that, if by any 
means, we re-combine these gases, no trace of either substance will 
remain behind, the whole uniting to form hydrocliloric acid. 

For the purpose of measuring this chemical action, effected, not 
only by solar light, but also by light from many artificial sources, 
we require some instrument, which is to the chemical action of 
light what the thermometer is to the heat actions ; an instrument 
which will show objectively the amount of chemically wctive light. 
We must be sure, in the first place, that our mode of measurement is a 
reliable one. That, as in the case of the thermometer, equal incre- 
ments of volume, correspond to equal increments of heat, so, in the 
new instrument, the indications, however obtained, shall be propor- 
tional to, and represent the amount of chemical rays emanating from, 
any source. 

This has been accomplished in the chemical photometer ; by tlie 
help of which an accurate measurement of the chemical action of light 
is effected. 

The facts upon which this mode of measurement is based, may be 
summed up as follows : 

1. Exactly equal volumes of chlorine and hydrogen gases, when 

mixed, combine togetlier on exposure to light, forming 
hydrochloric acid gas. 

2. This combination does not occur in the dark. 

i. 

* For a detailed description of apparatus, &c. see “ Photochemical Researches," 
Part 1. ** Measurement of the Chemical Action of Light," by R. Bunsen and II. £• 
Roscoe.— PAi7. Tram. 1857, p. 355. 
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3. The quantity of hydrochloric acid thus formed is directly pro- 

portional to the intensity of the incident light, and serves, 
therefore, as a measure of the chemical action produced. 

4. The chemical photometer is an instrument, by help of which 

the quantity of hydrochloric acid thus formed, can be 
accurately measured. 

The chemical photometer consists essentially of three parts ; namely, 
first, the apparatus in which the sensitive gas is generated ; secondly, 
the apparatus in which the gas is exposed to the light ; and thirdly, 
the apparatus in which the volume of hydrochloric acid produced in a 
given time is read off. 

When very numerous precautions in the management of the photo- 
meter are taken, it proves a most sensitive and reliable instrument. 
Having thus obtained an instrument by which the chemical action of 
light can be accurately measured, it only remains to graduate it. For 
this purpose we require a standard of light, from which tli#' determina- 
tion is to proceed. For this comparative measurement, the possession 
of a constant source of light is the first essential. This is obtained as 
follows : — . 

1. A flame of pure carbonic oxide gas, burning in the air and 

issuing from an opening of given size at a given rate, is em- 
ployed as the standard flame, 

2. The unit amount of chemical action^ is that effected by such a 

flame upon the sensitive mixture of clilorine and hydrogen 
during one minute, at the distance of one metre. 

3. The quantity of chemically active light producing this action 

is called one chemical unit of light; and ten thousand of 
such units one chemical degree of light, 

4. The chemical photometer is graduated by observing how 

many of these chemical units of light correspond to one 
division on the scale of the instrument. 

As an illustration of the mode in which tliis measurement of the 
chemical action of light is employed, the speaker described the method 
by which the chemical action produced by the direct so^ar rays has 
b^n determined.* For this purpose, it was necessary to admit a very 
small, but a known, portion of direct sun-light into the dark room 
in which the instrument was placed, and to allow tlie insolation vessel 
to be bathed in the pencil of rays thus admitted. By help of Sil- 
bermann’s hcliostate, the surfs image was reflected during the whole 
day upon one spot, a small opening of known size, in the window 
shutter of a dark room. The fraction of the total sun’s rays thus 
admitted and allowed to fall upon the chemical photiuncter can be 
calculated, and the action thus effected, observed ; hence the amount 


• The fall memoir on this subject is to be foimd in Poggendorff's Aimal. Bd. 
cvni. p. 193. In Abstract, Proceedings Royal Society, Vol. x. p. 39, 1869. 
Photochemical Researches, Part 4, by R. Bunsen and II E. Roscoe. 
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of action can be found which the sun would have produced if directly 
shining upon the instrument ; a condition, impossible of course to fulfil, 
as the action would become too rapid and the whole a])paratus would 
be shattered by explosion. 

The day chosen for observation of the sun’s action must obviously 
be cloudless, if we wish to obtain an idea of the relation existing between 
the chemical action and the height of the sun. Beginning the observa- 
tions as near sunrise as possible, we find, for instance, on September 
loth, 1858, one of the days on which such a series of experiments was 
made, that at 7^* 9'”- a.m., when the sun’s zenith distance was 76® 30', 
tlie observed action amounted to 1*52. That is, in one minute the 
column of wafer moved through 1 52 division ; or the quantity of 
hydrochloric acid formed, when the sun stood at the height mentioned, 
was represented by 1 • 52 division on the scale. 

Gradually, as the day wore on, the observed action for each minute 
became larger ; until at 9‘‘‘ 14“- a.m., the latest observation possible on 
the day in question, owing to the formation of clouds, the action 
reached 18*5 divisions, or was thirteen times as large as at 7“ 9"'. In 
the last column of the accompanying table is found the action, expressed 
in degrees of light, wliich would have been observed at the fort^going 
times, if the whole sunlight had been allowed to fall on the instrument. 

Table I. 



1 

Hour. 


ObsJCTv^'tl Action. 

1 Minute. 

Total Suti'8 
Action in 
of Light. 

! 

1 


76” 30' 

1*52 

5^4 



7 26 

1 73" 49 ' 

4 22 j 

15*50 



7 40 ' 

7B‘ 37' 

6*09 

22-43 ! 



8 0 

6H^ 34' 

7 56 

27-85 



8 7 

67” 30' 

1 8*38 

38 87 



8 26 

64” 42' 

i 12*48 

45 -85 



8 54 

(jO” 48' 

17 09 

62-59 



9 14 

58” 11' 

18*51 

67-61 



This great increase in the chemical action with the rise of the sun 
in the heavens simply results from the fact that the solar rays, in pass- 
ing through the air, are extinguished or absorbed, lost in fact as light ; 
and that as the sun rises higher above the horizon, the column of air 
through which the rays pass is constaotly being lessened ; consequently 
more of the direct rays reach the earth. 

Now, the law according to which the direct rays of the sun are 
thus absorbed In the air can be obtained from the exi)€rimentjB, of which 
the foregoing is only an example ; hence, if the action which the sun 
produces, when at a given height, is known, it is possible to calculate 
the action which it would proauce at any other height. 
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That these calculated results agree very closely with the experi- 
mental data, — with the observed action, — is seen by comparing the 
numbers in Table, No. II., expressing the observed and calculated 
action. 


Table II. 

The amount of Chemical Action effected at a point upon the Earth^s 
Surface on any cloudless day, by the direct Solar Kays, depends 
alone upon the Sun’s zenith distance ; or upon the height of the 
column of air through wliich the Kays have to pass. 


Sun’u Zenith Dlstimc e 
at tune uf ObstTvation. 

Chemical Illumination of Sim's Direct 
Rays at the Earth’s Surface exiirossed 
In decrees of Light. 

46" 

8' 

Observed. 

93*0 

Calculated. 

96*4 

50" 

51, 

89-2 

85-8 

57" 

35 , 

63- 1 

67-9 

58" 

Ur 

67*6 

66-2 

60" 

48' 

62-6 

58*3 

64" 

42' 

45*9 

47-9 

67" 

30' 

38-9 

36*6 

68" 

34/ 

27-9 

33*1 

71" 

37^ i 

22-4 

24*5 

73" 

49' j 

13.5 

16*3 

76" 

30' 1 

5-.5 

9-2 


Probable error = jt 2 * 7 degrees of Light. 


Knowing the law which regulates the absorption of the chemical 
rays, we can calculate what the action would be if there were no atmo- 
sphere to diminish the power of the rays. It is thuvS found that if the 
sun’s rays were not thus weakened, by passage through the atmosphere, 
they would produce an illumination represented by 318 degrees of 
light: or they would effect a combination in one minute, upon" an un- 
limited atmosphere of chlorine and hydrogen on which they fell per- 
pendicularly, of a column of hydrochloric acid, 35 *3 metres in height. 
The sun’s rays having passed perpendicularly through our atmosphere 
to the sea’s level, effect an action of only 14 *4 light metres ; or nearly 
two-thirds of their chemical activity has been lost by extinction and 
dispersion in the atmosphere. 

A large number of most interesting conclusions may be drawn from 
the facts already noticed. Thus, for instance, we may determine the 
chemical action which the solar ra 3 ^s wdll produce on the various 
planets ; for we know that the intensity of *he chemical illumination 
varies inversely as the square of the distance of the planet from the 
sun. The numbers in Table III., express this chemical action in 
degrees of light, and in heights of columns of hydrochloric acid called 


HS Vol 2 M 
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Ught metres. Hence, we see how much the sun’s chemical action varies 
on the different planets ; the superior planets receiving so small a 
portion as to render it impossible that the kind of animal and vegetable 
life which we here enjoy can there exist. 

Table HI. — Chemical Action produced hy Direct Sunlight on 
each Planet, 




ClioiiiKal Action in j 


Mean Distances. 

Light Degrees. 

Light Metres. 

IMercury . 

0-387 

2125*0 

235. i 

Venus . 

0*723 

008*9 

67*5 

Earth . . . 

1000 

318*3 

35-3 

Mars . 

1-5*24 

137*1 

15-2 

Jupiter . 

5-203 

11-8 

1*2 

Saturn . 

9 539 

3.5 

0*4 

Uranus 

19*183 

1-0 

0*1 

Neptune 

1 30*040 

0*4 

0*04 


Interesting conclusions can be drawn from these facts, concerning 
the distribution of the chemical rays on the surface of our earth in 
different latitudes, and at different elevations above tlie sea’s level. The 
farther removed a situation is from the level of the sea, tlie higher up 
in the atmosphere it is i)laced, the greater amount of chemical action 
it will receive. Thus, in the highlands of Thibet, where corn and 
grain flourish at a height of from I2,0fX) to 14,0(X) feet, the chemical 
action of the direct sunlight is H times as great as in the neighbouring 
lowland plains of Hindostan. In the same way we caB calculate for 
any point of the earth’s surface whose latitude is known, the amount 
of chemical action which the direct sunlight efl’ects at any given time 
of day or year. In Table IV. the numl^ers represent the chemical 

Table IV.— Chemical Action effected, hy Direct Sunlight in 
One Minute on the Vernal Equinox at 


A. Melville Island. E. Heidelberg. 

H. Rejkiavik, Iceland. F. Naples. 

C. St. Petersburg. G. Cairo. 

D. Manchester. 



Hour. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

G 

a.m. 

or 6 p,m. 

0-0 

0- 

0 

0-0 

0*0 

0*0 

o-o 

0*0 

7 


5 

0-0 

0- 

02 

0-07 

0-22 

0*38 

0-99 

1*74 

8 


4 

0-07 

1 

53 

2*88 

5-85 

8*02 

I.T91 

20*12 

9 


3 

0-G7 

6* 

62 

10*74 

18*71 

23*99 

35' 88 

50*01 

10 


2 

1-8G 

13* 

27 

20-26 

32*91 

40-94 

58-46 

78*61 

11 


1 

3-02 

18 

60 

; 27-55 

43*34 

53*19 

74-97 

98*33 

12 

at Doon 

3*51 

20- 

-60 

1 30*26 

47*15 

57*62 

80-07 

105*3 
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action efTected by direct sunlight in one minute at the places and hours 
named on the 2l8t of March. Curves were exhibited, showing the 
rise of the action, with tlie progress of the sun through the heavens. 
By comparing the numbers in the table, it is seen how greatly this 
chemical action differs at various points on the earth’s surface ; and we 
can understand how it is, that at the latitude of Cairo, where the 
chemical action of the direct sunlight is twice as great as it is in that 
of Manchester, the whole flora and fauna assume a more tropical and 
luxuriant character. 

'I'he speaker stated, that he was only able briefly to notice the 
principles upon which tlie new mode of measuring the chemical action 
of light depends ; adding one or two illustrations of the measurements 
actually made. He was unable even to refer to one of tlie most inter- 
esting and important applications, viz , the measurement of the chemical 
action effected by the diffuse daylight. This has, however, been 
accomplished, and we are now able to calculate the amount of chemi- 
cal action produced by both diffused and direct solar light, on a cloud- 
less day, at any place situated above the latitude of Cairo. The 
following table shows the results of such a calculation. 

Table V. — Total Chemical Action effected by the Solar Rays from 
Sunrise to Sunset on the Vernal Equinox^ at 



I. 

II. 

III. 

IV. 

Melville Wand . 

1196 

10590 

11790 

1306 

Rejkiavik 

5964 

15020 

20980 

2324 

St. Petersburg . 

8927 

16410 

25340 

2806 

Manchester . . .1 

H520 1 

18220 


3625 

Heidelberg . . .1 

18240 

1 19100 


4136 

Naples . . . 

26640 j 

20550 

47190 

5226 

Cairo . . . . | 

36440 . 

21670 

58110 

6437 


I. Gives the action of direct sunliglit in degrees of light 
JI. „ diffuse daylight „ 

III. „ total light „ 

IV. „ „ in light metres. 


Knowing the intimate connection of the chemically active solar 
rays with the plant and animal-producing power of a country, no one 
can doubt the immense importance of the establishment of a regular 
series of measurements of the variations of the amount of these chemi- 
cal rays at different situations on the earth’s surface. Such a series 
would open nii entirely new field to the science of meteorology, and 
would reveal to us relations and points of difference as regards the 
chemical climate, at present wholly unknown. 

The chemical photometer, in the hands of an experienced experi- 
menter, is a perfectly accurate and extremely sensitive instrument ; and 
the method described is a most valuable one for scientifically investi- 
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gating the primary laws regulating the chemical action of light, and 
the distribution of the chemical rays. It is, however, not capable of 
universal application as a meteorological instrument, owing to its com- 
plicated nature, and the great care requisite in its management. At 
present we know of no easy, and at the same time correct, method of 
estimating the chemical action of light. Much time and labour has 
already been spent by the authors of the method described in endea- 
vouring to prepare an instrument, which can be practically used for this 
purpose in meteorological observations. Persevering in their efforts, 
they hope ere long to overcome the numerous difiicultics which beset 
the subject, and to describe a method which shall answer the proposed 
end. 

[II. E. R.] 



Friday, March 30, 1860. 


The Lord Wensueydalk, Vice-President, in the Chair. 


William Odling, Esq. M.B. F.R.S. 

bCCaETART To THB CUBUICAL BOCIBTT. 

On Acids and Salts. 


It is natural to inquire whether the doctrines of series and substitu- 
tions, which are essential for the association of organic products, may 
not throw some additional light upon the simpler compounds of mineral 
chemistry, when viewed as unitary molecules ; and particularly upon 
the relations and properties of the mineral acids and their salts, which 
have hitherto constituted the strongholds of the electro-chemical, or 
binary, theory of combination. 

The doctrine of series affirms that chemical compounds may be 
arranged in series, the successive members of each of which differ from 
one another in composition by a common increment, and are associated 
with one another by a certain relation of properties, the evact nature 
of the relation varying with the nature of the increment. 

The doctrine of substitutions affirms that, in very many chemical 
compounds, one or more atoms may be displaced by some other atoms or 
groupings, and that the new bodies, resulting from this displacement, 
correspond in constitution with the normal bodies from which they 
were derived. The doctrine of substitutions affords great assistance to 
the doctrine of series ; for when, as frequently happens, a gap exists in 
any series, that gap can almost always be filled up by a substitution- 
representative of the missing body, 

(a.) There are four acid compounds of hydrogen, two volumes of 
each of which contain one volume of hydrogen, namely : 

HF Fluorhydric ac ’ 

IICl Chlorhydric acid. 

HBr Bromhydric acid. 

HI lodhydric acids. 
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When two volumes of chlorhydric acid, for instance, are acted upon 
by a red hot iron-wire, the cidoriiie is absorbed by the iron, and one 
volume of hydrogen gas liberated. The two volumes of chlorliydric 
acid yield one volume of hydrogen, or the original bulk of gas is 
reduced to one-half by the absor])tion of its chlorine. The above 
four acids may be looked upon as substitirtion-ropresentatives, one of 
another. 

Chlorhydric acid yields the following series of oxides, convertible 
into each other by mutual metamorphosis. 

HCl Chlorhydric acid. 

IICIO llypochlorous acid. 

HClOa Chlorous acid. 

HCIO3 Chloric acid. 

IIC1()4 Perchloric acid. 

When chlorhydric acid HCl, is oxidated by permanganic acid, hypo- 
chlorous acid IICIO, is produced ; and, conversely, clilorhydric acid 
may be reproduced by the deoxidation of hypochlorous acid, llypo- 
chlorous acid, when heated, breaks up into chloric acid HCIO3, and 
other products. When chloric acid is deoxidated by nitrous acid, it 
becomes chlorous acid IICIO^ ; and, when oxidated at the positive 
pole of a galvanic battery, it becomes perchloric acid HCIO4. Here 
then is a series of associated acids, expressed as unitary molecules, by 
the simplest possible formulae, and arranged in a series, the successive 
members of which differ from one another in composition by an incre- 
ment of one atom, or volume, of oxygen. 

(y8.) There are four other binary compounds (5f hydrogen, two 
volumes of each of which, however, contain two volumes of hydrogen, 
namely : 

HgO Water. 

II,S Sulphydric acid. 

HgSe Selenhydric acid. 

H|T Tellurhydric acid. 

A given volume of any one of these gases or vapours contains exactly 
twice tlie quantity of hydrogen, that the same volume of any one of 
the first class of gases contains. When two volumes of sulphydric 
acid, for instance, are acted upon by a red hot iron-wire, the sulphur 
is absorbed by the iron, and two volumes of hydrogen gas are liberated. 
The two volumes of sulphydric acid yield two volumes of hydrogen, 
or the abstraction of the sulphur produces no alteration in the bulk of 
gas. The bihydric character of water, moreover, is well shown by the 
experiment of its electrolytic decomposition, in which twtf volumes of 
hydrogen are produced for every one volume of oxygen. 

In the sulphur series of oxygen acids we have two gaps, which, 
however, can be filled up by the chloro-representatives of the missing 
bodies, thus : 
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HgS Sulphydric acid. ClgS. 

H*SO Wanting. ClgSO. 

HgvSOg Wanting. ClgSOg. 

HgSOa Sulphurous acid. 

HgSOi Sulphuric acid. 

The compounds Cl,SO, and ClgSO*, are obtainable from the chloro- 
representative of sulphydric acid ClgS, by successive oxidation. The 
first product actually afforded by the oxidation of sulphydric acid is 
sulphurous acid HgSOg, which is produced by the combustion of sul- 
phydric acid in air or oxygen. Conversely, sulphydric acid may be 
obtained by deoxidating sulphurous acid with nascent hydrogen. 
Sulphuric acid HgS04, results from the oxidation of sulphurous 
acid, and by deoxidation can reproduce that body, as in the ordinary 
process for the preparation of sulphurous acid. Here then, includ- 
ing the chloro-representatives, is a second series of acids associated 
with one another by a common increment of composition, and by 
mutual metamorphosis. 

Sulphi/rk acid HgSO*, is the representative on the sulphur series, of 
perchloric acid HCIO4, on the chlorine series. Each contains one 
atom of the radicle which gives the special character to the acid, in the 
one case chlorine, in the other sulphur. Each contains also four 
atoms, or volumes, of oxygen ; but whereas perchloric acid contains 
only one atom, or volume, of hydrogen, sulphuric acid contains two 
atoms, or two volumes. And this difference in composition leads to a 
marked difference in the properties of the two acids. Perchloric acid 
HCIO4, has only one atom of hydrogen that can be replaced. Hence it 
forms only one description of salt, such, for instance, as perchlorate 
of potassium KCIO*, and only one description of ether, such, for 
instance as perciiloric ether ICtCl04. But sulphuric acid has two 
hydrogen atoms that can be replaced. Hence it can form acid salts, 
neutral salts, double salts, acid ethers, neutral ethers, double ethers, 
and saline ethers, as shown in the table. 


H. SO4 
KH SO4 
KgS04 
KNi SO4 
EtH SO4 
Etg SO4 
EtMe SO, 
EtK SO4 


Sulphuric acid. 

Acid sulphate of potassium. 
Neutral sulphate of potassium. 
Potassio-sulphate of nickel. 
Ethylo-sulpluiric acid. 

Neutral sulphate of ethyl. 
Ethylo-sulphate of methyl. 
Ethylo-sulphate of potassium. 


This property of forming acid and dotible salts, and acid and 
double ethers, &c., indicates a fundamental difference in character be- 
tween sulphuric and perchloric acids, a difference that is satisfactorily 
represent^ by the difference in their formulae as here written 
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down, HCIO4, and HsS04. Bibasic characters are manifested as deci- 
dedly by the sulphurous and sulphydric acids. 

(y.) There are four other binary compounds of hydrogen, two 
volumes of each of which, however, contain three volumes of hydrogen, 
namely : 

HaN Ammonia. 

HgP Phosphamine. 

HgAs Arsenamine. 

IlgSb Stibamine. 


When the two volumes of phosphamine, for instance, are acted upon by 
a red hot iron -wire, the phosphorus is absorbed by the iron, and three 
volumes of hydrogen gas are liberated. Two volumes of chlorhydric 
acid yield one volume of hydrogen ; two volumes of sulphydric acid 
yield two volumes of hydrogen, while two volumes of phosphamine 
yield three volumes of hydrogen ; and this is a most important dis- 
tinction between the three classes of hydrides to which these three 
gases respectively belong. Again, two volumes of gaseous ammonia, 
when decomposed by the Ruhmkorff spark, become converted into 
three volumes of hydrogen and one volume of nitrogen ; or the 
original bulk of the ammonia becomes doubled. 

In the phosphorus series of oxygen acids tliere is but one gap, and 
this can be filled up by the chlorine-, or the etliyl- representative of the 
missing body. 

HgP Phosphamine ClgP EtgP 

IlgPO Wanting CI3PO "" Et^PO 

IL^POg Ilypophosphorous acid 
If jPOa ' Phosphorous acid 
HaPO* Phosphoric acid 


Brodie has ascertained that oxichloride of phosphorus ClaPO, may 
be obtained directly by passing oxygen gas through boiling terchloride 
of phosphorus, or trichloro-phosphamine ClgP. The union of tri-ethyl 
phosphine EtgP, with oxygen, to form the oxide of tri-ethylphosphine 
EtaPO, constituted one of Hofmann’s earliest experiments on the 
phosphorus bases. Proceeding to the actual oxides of pliosphamine, it 
is doubtful wliether hypophosphorous acid IlgPO*, has been obtained by 
the oxidation of phosphamine ; but, on the other hand, phosphamine 
is readily obtainable by deoxidating hypophosphorous acid with 
nascent hydrogen ; while by oxidating hyfwphosphorous acid, phos- 
phorous and phosphoric acids are successively produced, l^osphorous 
acid IlgPOs, results from the slow oxidation, and phosphoric acid 
HgPO*, from the rapid oxidation of phosphamine. Conversely, phos- 
phamine may be obtained by the deoxidation of each of the two last- 
mentioned acids. Here again then is a series of iiaturallj associated 
and mutually convertible bodies, represented by the simplest possible 
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formuloB) by formolee which do not express any speculative view 
whatever, but merely indicate the indisputable fact that these bodies, 
or their representatives, differ from one another in composition, by 
the successive increments of one, two, three, and four oxygen 
atoms. 

Phosphoric acid HgP04, is the representative on the phosphorus series, 
of sulphuric acid HbS 04, on the sulphur series, and of perchloric acid 
HCIO4, on the chlorine series ; but whereas perchloric acid contains only 
one atom of hydrogen, and can form only one class of salts and etliers ; 
whereas sulphuric acid contains only two atoms of hydrogen, and can 
form only two classes of salts and ethers ; phosphoric acid contains three 
atoms of hydrogen, and can form three classes of salts and ethers. 
One- third, two-thirds, or three-thirds of its hydrogen may be displaced 
by a metal or basic radicle, or the hydrogen may be partly or wholly 
displaced by two or three different metals, or by two or three different 
radicles, or by a mixture of metals and radicles, thus : £tKCuP04, 
or H(NH4)NaP04, &c. 

( 5 .) There is yet another primary hydride to be considered, namely, 
that of silicon, the siliciuretted hydrogen of Wohler. The composition 
of this >bdd^ has not been ascertained. It has been ascertained, how- 
ever, that the substance from which it is obtained by the action of 
chlorhydric acid, is a silicide of magnesium, represented by the for- 
mula Mg4Si, whence the formula of siliciuretted hydrogen is assumed 
to be H4Si, analogous to that of marsh gas H4C, a conclusion strongly 
confirmed by the composition . of chloride of silicon, which is un- 
doubtedly C^Si, that is, a chloro-representative of siliciurretted 
hydrogen. Each primary hydride, hitherto considered, has yielded a 
remarkably stable acid, formed by the addition of four atoms of 
oxygen to the hydride ; and hydride of silicon ought to behave in the 
same manner, thus : 

Chlorhydric acid H Cl H CIO* Perchloric acid. 

Sulphydric acid H, S H* S O* Sulphuric acid. 

Phosphamine Hg P Hg P O* Phosphoric acid. 

Hydride of Silicon H* Si H* SiO* Silicic acid. 

Now whether or not H4Si04 is the correct formula for silicic acid, it 
is certain that the great majority of simple and well-defined silicates 
may be referred to that type, as illustrated in tlie table. 

Orthosimcates. 

Et* SiO* Silicic ether. Gl* SiO* Phenakite. 

Li* SiO* Silicate of lithium. Ce* SiO* Cerite. 

Na^Hi SiO* Silicate of sodium. Fe* SiO* Fayelite. 

Ca* SiO* Silicate of calcium. Ft^Mn* SiO* Knebellte. 

Mg* SiO* Olivine, Chrysolite. CugH, SiO* Dioptase. 

Ca«Mg, SiO* Batrachite. AlgCa SiO* Anorthite. 

Zn* SiO* Zinc glance. Al,Mn SiO* Karpholite. 


HS Vol 1 M* 
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This next table illustrates the general relations of the perchloric salts 
and ethers, to their sulphuric, phosphoric, and silicic analogues. The 
existence of the silicated compounds corresponding to the formulae in 
italics, has not yet been established. 


Acids, Salts, and Ethers. 


HCl 

“<='o-{bc!o; 



H,S 


Na H S 0. 
ICt H S 0 . 


H,P 

TT P 0 ^4 

"»^^*|Et 3 P 04 | 

Na.H P O4 
Et,H PO. 

Na H.P 0 * 
Et H,P O4 

H.® 

TT SiO 1^^481 O4 

Na^HSiO, 

EtHSiO, 

Na,II,Si O4 
Et^H^Si O4 


NaH«Si 04 

EtH^SiO^ 


Considering the relations of ammonia and pliosphuretted hydrogen, 
IIjN and IlgP respectively, and the relations of marsh gas, and sili- 
ciuretted hydrogen, H4C and 1148! respectively, there should exist 
nitrates and carbonates having the general formulae MaN04 and 
M4CO4 respectively, corresponding to ordinary phosphates and silicates 
having the general formulae MaP04 and M4Si O4 respectively. It is 
observable, however, that in addition to ordinary phosphates and 
silicates, there are other phosphates and silicates, known respectively 
as metaphosphates and metasilicates, which differ from the ordinary 
salts by the loss of an atom of base, and that it is these metasalts to 
which ordinary nitrates and carbonates correspond, thus* 

Phosphate M3PO4— MgO =M P Os Metophosphate. 

' M NO3 Nitrate. 

Silicate M4Si04 — M ,0 = MjSiOa Metasilicate. 

MjC Og Carbonate. 

But chemists are acquainted with a considerable number of car- 
bonates and nitrates, which may be called orthocarbonates and 
orthonitrates respectively, that do correspond in their formulae with 
ordinary silicates and phosphates, as shown in the table. 


Orthocarbonates. 

Ca4 CO4 Bicarbonate of calcium. 

Zn4 CO4 Bicarbonate of xinc. 

Mggll CO4 Bicarbonate of magnesium. 

Pb4 CO4 Bicarbonate of lead. 
Pb3HC04 White lead. 

Cu* CO4 Mysorine. 

Cugll CO4 Azurite. 

Bi'"ll CO4 Bicarbonate of bismuth. 
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The succeeding tables present lists of the principal ter-oxygen and 
tetra-oxygen mineral acids. Some of these acids are known only 
through the medium of their metal- and ethyl-representatives. 


Teb-Oxyoen Acids. 

Chloric • • . H Cl Os 
Bromic • • . H BrOa 
Xodic. • • • XX X ^^8 
Nitric . . . H N 0 . 
Metaphosphoric H P 0 , 
Su)i>J'nrou 8 . HaS Oa 
Sclenious • . H|SeOa 
Tellurous , H,T Oa 
Carbonic • • IlfC 0 # 
Metasilicic • , Ha Si Oa 
Titanic , . . H, Ti Oa 
Stannic • • . HgSnOa 
Vanadous • . H|V, Oa 
Fnosphorous . H, P Oa 
Arsenious • . HgAsOa 
Antimonous . HaSbOa 
Bismithous • Hg Bi Oa 
Boracic . . . HjB Oa 
Aluminous • . HaAlaOa 


Tetra-Oxyoen Acids. 


Perchloric . 

. H Cl O4 

Periodic . . . 

.HI O4 

Permanganic • 

. H Mn.04 

Sulphuric . . 

. H,S O4 

Selenic . . . 

. H,Se O4 

Telluric . . . 

. H.T O4 

Oxalic .... 

. H.C. O4 

Molybdic . , 

. HgMOgOa 

Vanadic . , . 

. H.V. O4 

Tungstic . • . 

. H,W ,04 

Chromic . • . 

. H,Cr, O4 

Manganic • . 

. H,Mn,04 

Ferric . • . . 

• Hg Fcg O4 

Orthonitric . . 

, H.N O4 

Phosphoric . . 

. H.P O4 

Arsenic . . . 

. HgAs O4 

Antimonic • • 

. HgSb O4 

Orthocarbonic 

. H4C O4 

Silicic .... 

. H4Si O4 


Hence the formula H, Ry 0 „ will represent the general type for 
an acid, where H, represents the atoms of hydrogen, which, save in 
carbon compounds, are found to vary only from 1 to 4 ; where 
represents the acid radicle, that is the chlorine, or sulphur, or 
phosphorus, or carbon, &c. which gives the special character to the 
acid, and which, save in carbon compounds, is usually confined to 1 or 
2 elementary atoms ; and where 0, represents the atoms of oxy^n 
which generally range from 0 to 4 , but occasionally extend to higher 
numben. 

[W. O.] 



Friday, May 18, 1860. 

Charles Wheatstx)ne, Esq. F.R.S. Vice-President, in the Chair. 

Professor William Thomson, F.R.S. 

On Atmospheric Electricity. 

Stephen Gray, a pensioner of the Charter-hoiise, after many years of 
enthusiastic and persevering devotion to electric science, closed his 
philosophical labours, about 130 years ago, with the following remark- 
able conjecture : “ That there may be found a way to collect a greater 
quantity of the electrical fire, and consequently to increase the force 
of that power, which by several of these experiments, si licet magna 
compo7ier€ parvis, seems to be of the same nature with tkat of thunder 
and lightning,” 

The inventions ^of the electrical machine and the Leyden phial 
immediately fulfill^ these expectations as to collecting greater 
quantities of electric fire ; and the surprise and delight wliich they 
elicited by their mimic lightnings and thunders, and above all by the 
terrible electric shock, had scarcely subsided when Franklin sent his 
kite messenger to the clouds, and demonstrated that the imagination 
had been a true guide to this great scientific discovery— the identity of 
the natural agent in the thunderstorm with the mysterious influence 
produced by the simple operation of rubbing a piece of amber, which 
two thousand years before had attracted the attention of those philoso- 
phers among the ancients who did not despise the small things of 
nature. 

The investigation of atmospheric electricity immediately became a 
very popular branch of natural science ; and the discovery of remark- 
able and most interesting phenomena quickly rewarded its cultivators. 
The foundation of all we now know was completed by Beccaria, in his 
observations on ‘‘the mild electricity of serene weather,” nearly a 
hundred years ago. It was not until comparatively recent years that 
definite quantitative comparisons from time to time of the electric 
quality manifested by the atmosphere in one locality were first 
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obtained by the application of Peltier’s mode of observation with his 
metrical electroscope. The much more accurate electrometer, and 
the greatly improved mode of observation invented by Delmann, have 
given for the electric intensity, at any instant, still more precise results ; 
but have left something to desire in point of simplicity and convenience 
for general use, and have not afforded any means for continuous obser- 
vation, or for the introduction of self-recording apparatus. The 
speaker had attempted to supply some of these wants, and he explained 
the construction and use of instruments which he had planned for this 
purpose, which were now exhibited to the meeting. 

Apparatus for the observation of atmospheric electricity has 
essentially two functions to perform ; to electrify a body with some 
of the natural electricity or with electricity produced by its influence ; 
and to measure the elcctriflcation thus obtained. 

The measuring apparatus exhibited consisted of three electrometers, 
which were referred to under the designations of (I.) The divided 
ring reflecting electrometer. (II.) The common house electrometer ; 
and (III.) The portable electrometer. 

(I.) Tht. divided ring reflecting electrometer consists of: 

(1) A ring of metal divided into two equal parts of which one is 
insulated, and the other connected with the metal case (5) of the 
instrument. 

(2) A very light needle of sheet aluminium hung by a fine glass 
fibre, and counterpoised so as to make it project only to one side of 
this axis of suspension. 

(3) A Leyden phial, consisting of an open glass jar, coated outside 
and inside in the usual manner, with the exception that the tinfoil of 
the inner coating does not extend to the bottom of the jar, which is 
occupied instead by a small quantity of sulphuric acid. 

(4) A stiff straight wire rigidly attached to the aluminium needle, 
as nearly as may be in the line of the suspending fibre, bearing a light 
platinum wire linked to its lower end, and hanging down so as to dip 
into the sulphuric acid. 

(5) A case protecting the needle from currents of air, and from 
irregular electric actions, and maintaining an artificially dried atmo- 
sphere round the glass pillar or pillars supporting the insulated half 
ring and the uncoated portion of the glass of the phial. 

(6) A light stiff metallic electrode projecting from the insulated 
half ring throiigli the middle of a small aperture in the metal case, to 
the outside. 

(7) A wide metal tube of somewhat less diameter than the Leyden 
jar, attached to a metal ring borne by its inside coating, and standing 
up vertically to a few inches above the level of the mouth of the jar. 

(8) A stiff wire projecting horizontal!} from this metal tube above 
the edge of the Leyden jar, and out through a wide hole in the case 
of the instrument to a convenient position for applying electricity to 
charge the jar with. 
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(9) A very light glass mirror, about three-quarters of an inch 
diameter, attached by its back to the wire (4), and therefore rigidly 
connected with the aluminium needle. 

(10) A circular aperture in the case shut by a convex lens, and 
a long horizontal slit shut by plate glass, with its centre immediately 
above or below that of the lens, one of them above, and the other 
equally below the level of the centre of the mirror. 

(11) A large aperture in the wide metal tube (7), on a level with 
the mirror (9), to allow light from a lamp outside the case, entering 
through the lens, to fall upon the mirror, and be reflected out through 
the jdate glass window ; and three or four fine metal wires stretched 
across this aperture to screen the mirror from irregular electric influ- 
ences, without sensibly diminishing the amount of light falling on and 
reflected off it. 

The divided ring (1) is cut out of thick strong sheet metal (gene- 
rally brass). Its outer diameter is about 4 inches, its inner diameter 2i ; 
and it is divided into two equal parts by cutting it along a diameter 
with a saw. The two halves are fixed horizontally ; one of them on a firm 
metal support, and the other on glass, so as to retain as nearly as may 
be their original relative position, with just the saw cut, from to 
of an inch broad, vacant between them. They are placed witli their 
common centre as nearly as may be in the axis of the case (5), which is 
cylindrical, and placed vertically. The Leyden jar (3), and the tube 
(7), carried by its inside coating, have their common axis fixed to coin- 
cide as nearly as may be with that of the case and divided ring. The 
glass fibre hangs down from above in the direction of this axis, and 
supports the needle about an inch above the level of the divided ring. 
The stiff wire (4), attached to the needle, hangs down as’Tiearly as may 
be along the axis of the tube (7). 

Before using the instrument, the Leyden phial (3) is charged by 
meains of its projecting electrode (8). When an electrical machine is 
not available, this is very easily done by the aid of a stick of vulcanite, 
rubbed by a piece of chamois leather. The potential of the cliarge 
thus communicated to the phial, is to bo kept as nearly constant as 
is required for the accuracy of the investigation for which the instru- 
ment is used. Two or three rubs of the stick of vulcanite once a 
day, or twice a day, are sufficient when the phial is of good glass, well 
kept dry. The most convenient test for the charge of tlio phial is a 
proper electrometer or electroscope, of any convenient kind, kept 
constantly in communication with the charging electrode (8). 

The electrometer (II.) is to be ordinarily used for that purpose 
in the Kew apparatus. Failing any such gauge cdectrometer or 
electroscope, a zinc-copper-water battery of ten, twenty, or more small 
cells, may be very conveniently used to test directly the sensibility of 
the reflecting electrometer, which is to be brought to its proper degree 
by charging its Leyden phial as much ns is required. 

In the use of this electrometer, the two bodies of which the ditterenre 
of potentials is to be tested are connected, one of them, which is gene- 
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rally the earth, with the metal case of the instrument, and the other 
with the insulated half ring. The needle being, let us suppose, nega- 
tively electrified, will move towards or from the insulated half ring, 
according as the potential of the conductor connected with this half 
ring differs positively or negatively from that of the other conductor 
(earth) connected with the case. The mirror turns accordingly in one 
direction or the other through a small angle from its zero position, and 
produces a corresponding motion in the image of the lamp on the 
screen on which it is thrown. 

T. The common house electrometer. — This instrument consists of : 

(1) A thin flint-glass bell, coated outside and inside like a Leyden 
T)hial, with the exception of the bottom inside, which contains a little 
sal]»liuric acid. 

(2) A cylindrical metal case, enclosing the glass jar, cemented to 
it round its mouth outside, extending upwards about an inch and a 
half above the mouth, and downwards to a metal base supporting the 
whole instrument, and protecting the glass against the danger of 
breakage. . 

(3) A covei* of plate glass, with a metal rim, closing the top of 
the cylindrical case of the instrument. 

(4) A torsion head, after the manner of Coulomb’s balance, sup- 
ported in the centre of the glass cover, and bearing a glass fibre which 
hangs down through an aperture in its centre. 

(5) A light aluminium needle attached across the lower end of the 
fibre (which is somewhat above the centre of the glass bell), and a stiff 
platinum wire attached to it at right angles, and hanging down to near 
the bottom of the jar. 

(6) A very light platinum wire, long enough to hang within one- 
eighth of an inch or so of the bottom of the jar, and to dip in the 
sulphuric acid. 

(7) A metal ring, attached to the inner coating of the jar, bearing 
two plates in proper positions for repelling the two erds of the alumi- 
nium needle when similarly electrified, and proper stops to limit the 
angular motion of the needle to within about 45° from these plates. 

(8) A cage of fine brass wire, stretched on brass framework, sup- 
ported from the main case above by two glass pillars, and partially 
enclosing the two ends of the needle, and the repelling plates, from all 
of which it is separated by clear spaces, of nowhere less than one-fourth 
of an inch of air. 

(9) A charging electrode, attached to the ring (7), and projecting 
over the mouth of the jar to the outside of the metal case (2), through a 
wide aperture, which is commonly kept closed by a metal cap, leaving at 
least one-quarter of an inch of air round the projecting end of the electric. 

(10) An electrode attached to the cage (S), and projecting over the 
mouth of the jar to the outside of the metal Ciise (2), through the centre 
of an aperture, about a quarter of an inch diameter. 

This instrument is adapted to measure ditlercuces of potential 
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between two conducting systems, namely, as one, the aluminium needle 
(5), the repelling plates (7), and the inner coating of the jar, and, as 
the other, the insulated cage (8). This latter is commonly connected 
by means of its projecting electrode (10), with the conductor to be 
tested. The two conducting systems, if through their projecting elec- 
trodes connected by a metallic wire, may be electrified to any degree, 
without causing tlie slightest sensible motion in the needle. If, on the 
other hand, the two electrodes of these two systems are connected 
with two conductors, ele<*trified to different potentials, tlie needle 
moves away from the repelling plates ; and if by turning the torsion 
head it is brought back to one accurately marked position, the number 
of degrees of torsion required is pro])ortional to the square of the 
difference of potentials thus tested. 

In the ordinary use of the instrument, the inner coating of the 
Leyden jar is charged negatively, by an external aj)plication of electri- 
city through its projecting electrode (9). The degree of the charge 
thus communicated, is determined by putting the cage in connexion 
with the eartli through its electrode (10), and bringing the needle by 
torsion to its marked position. The square root of the number of 
degrees of torsion required to effect this, measures the potential of the 
Leyden cliarge. This result is calloil the reduced earth reading. 
When the atmosphere inside the jar is kept sufficiently dry, — this 
charge is retained from day to day with little loss ; not more, often, 
than I per cent, in the 24 hours. 

In using the instrument the charging electrode (9) of the jar is 
left untouched, with the aperture through which it projects closed 
over it by the metal (Jap referred to above. The electrode ( 10) of the 
cage, when an observation is to be made, is connected^with the con- 
ductor to be tested, and the needle is brought by torsion to its mark(*d 
position. The square root of the number of dcgretis of torsion now 
required measures the difference of potentials between the conductor 
tested and the interior coating of the Leyden jar. The excess, positive 
or negative, of this result above the reduced earth reading, measures 
the excess of tim potential, positive or negative, of tlie conductor tested 
above that of the earth ; or simply the potential of the conductor 
tested, if we regard that of the earth as zero. 

III. The portable electrometer is constructed on the same elec- 
trical principles as the house electrometer just described. The mode 
of suspension of the needle is however essentially different; and a 
varied plan of connection between the different electrical parts has 
been consequently adopted as more convenient. In the portable 
electrometer, the needle is firmly attached at right angles to the middle 
of a fine platinum wire, tightly stretched in the axis of a brass tube 
with apertures in its middle to allow the needle to jiroject oii the two 
sides. One end of the platinum wire is rigidly connected w 'di this 
tube ; the other is attached to a graduated torsion head. The brass 
tube carries two metal plates in suitable positions to repel the two 
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ends of the needle in contrary directions, and metal stops to limit 
its angular motion within a convenient range. The conducting system 
composed of these difPerent parts is supported from the metal cover 
or roof of the jar, by three glass stems. The torsion head is carried 
round by means of a stout glass bar, projecting down from a pinion 
centered on the lower side of this cover, and turned by the action of a 
tangent screw presenting a milled head, to the hand of the operator 
outside. The conducting system thus borne by insulating supports is 
connected with the outside conductor to be tested by means of an 
electrode passing out through the centre of the top of the case by a 
wide aperture in the centre of the pinion. A wire cage, surrounding 
the central part of the tube and the needle and repelling plates, is 
rigidly attached to the interior coating of the Leyden jar. It carries 
two metal sectors, or ‘‘ bulkheads,” in suitable positions to attract the 
two ends of the needle, which however is prevented from touching 
them by the limiting stops referred to above. The efl^ct of these 
attracting plates, as they will be called, is to increase very much the 
sensibility of the instrument. The square root of the number of 
degrees of torsion required to bring the needle to a sighted position 
near the repelling plates, measures the difference of potentials between 
the cage and the conducting system, consisting of tube torsion-head 
repelling plates and needle. The metal roof of the jar is attached to 
a strong metal case, cemented round the outside of the top of the jar, 
and enclosing it all round and below, to protect it from breakage 
when being ciirried about. There are sufficient apertures in this case, 
opened by means of a sliding piece, to allow the observer to see the 
needle and graduated circle (torsion head), when using the instrument. 
On the outside of the roof of the jar a stout glass stem is attached, 
which supports a light stiff metallic conductor, by means of which a 
burning match is supported, at the height of two or three feet above 
the observer. This conductor is connected by means of a fine wire 
with the electrometer, in the manner described above, through the 
centre of the aperture in the roof. An artificially dried atmosphere is 
maintained around this glass stem, by means of a metal case surround- 
ing it, and contiiining receptacles of gutta percha, or lead, holding 
suitably shaped pieces of pumice-stone moistened with sulphuric acid. 
The conductor which bears the match projects upwards through the 
centre of a sufficiently wide aperture, and bears a small umbrella, 
which both stops rain from falling into this aperture, and diminishes 
the circulation of air, owing to wind blowing round the iiistrument, 
from taking place to so great a degree as to do away with the dryness 
of the interior atmosphere required to allow the glass stem to insulate 
sufficiently. The instrument may be held by the observer in his hand 
in the open air witliout the assistance of any fixed stand. A sling 
attached to the instrument and passing o\f r his left shoulder, much 
facilitates operations, and renders it easy to carry the apparatus to the 
place of observation, even if up a rugged hill side, with little risk of 
accident. 
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The burning match in the apparatus wliich has just been dcscribeil, 
performs the collecting function referred to above. The collector 
employed for the station apparatus, whether the reflecting electrometer 
or the common house electrometer is used, is an insulated vessel of 
water, allowed to flow out in a fine stream througli a small aperture 
at the end of a pipe projecting to a distance of several feet from the 
wall of the building in which the observations are made. 

The principle of collecting, whether by fire or by water, in the 
observation of atmospheric electricity, was explained by the speaker 
thus: — The earth’s surface is, except at instants, always found elec- 
trified, in general negatively, but sometimes positively. 

“ If a large slieet of metal were laid on the earth in a perfectly 
level district, and if a circular area of the same metal were laid u|)on 
this sheet, and after the manner of Coulomb’s proof plane, were lifted 
by an insulated handle and removed to an electrometer within doors, a 
measure of the earth’s electrification, at the time, would be obtained ; 
or, if a ball, placed on the top of a conducting rod in the oj)en air, 
were lifted from that position by an insulating support, and carried to 
an electrometer within doors, we should also have, on precisely the 
same principle, a measure of the earth’s electrification at the time. 
If the height of the ball in this second plan were ecpial to one-sixteenth 
of the circumference of the disc used in the first plan, the electrometric 
indications would be the same, provided the diameter of the ball is 
small, in comparison with the height to whicli it is raised in the air, 
and the electrostatic capacity of the electrometer is small enough not 
to take any considerable proportion of the electricity from the ball in 
its application. The idea of experimenting by means of iodise laid fiat 
on the earth, is merely suggested for the sake of illustrntion, i\in\ 
would obviously be most inconvenient in practice. On the other hand, 
the method by a carrier ball, instead of a proof plane, is precisely the 
method by which, on a small scale, Faraday investigated the distribu- 
tion of electricity induced on the earth’s surface, by a jaece of rubbed 
shellac ; and the same method, applied on a suitable scale for testing 
the natural electrification of the earth in the open air, has given in the 
hands of Delmann, of Creuziiach, the most accurate results hitherto 
published in the way of electro-meteorological observation. If, now, 
we conceive an elevated conductor first belonging to the earth, to 
become insulated and to be made to throw off and to continue throwing 
off portions from an exposed position of its own surface, this part of its 
surface will quickly be reduced to a state of no electrification, and the 
whole conductor will be brought to such a potential as will allow it to 
remain in electrical equilibrium in the air with that portion of its 
surface neutral. In other words, the potential throughout the insu- 
lated conductor js brought to be the same as that of the particular 
equi-potential surface in the air, which passes through the point of 
it from which matter breaks away. A flame, or the hoated gas 
passing from a burning inatcli, docs precisely this : the flame itself, or 
the highly heated gas close to the match, being a conductor which is 
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constantly extending out and gradually becoming a non-conductor. 
The drops into which the jet issuing from the insulated conductor 
breaks, on the plan introduced by the writer, produce the same effects 
with more pointed decision, and with more of dynamical energy to 
remove the rejected matter with the electricity which it carries from 
the neighbourhood of the fixed conductor.” — NichoFs CychpcBdia, 
2nd edition^ article “ Electricity^ Atmospheric'^ 

After having given so much of these explanations as seemed 
necessary to convey a general idea of the principles on which the con- 
struction of the instruments of investigation depended, the speaker 
proceeded to call attention to the special subject proposed for con- 
sideration this evening. 

What is terrestrial atmospheric electricity? Is it electricity of 
earth, or electricity of air, or electricity of watery or other particles in 
the air? An endeavour to answer these questions was all that was 
ofiered ; abstinence from speculation as to the origin of this electric 
condition of our atmosphere, and its physical relations with earth, air, 
and water, having been painfully learned by repeated and varied failure 
in every atternpt to see beyond facts of observation. In serene weather, 
the earth's surface is generally, in most localities hitherto examined, 
found negatively or resinously electrified ; and when this fact alone is 
known it might be supposed that the globe is merely electrified as a 
whole with a resinous charge, and left insulated in space. 

But it is to be remarked, that the earth, although insulated in its atmo- 
spheric envelope, being in fact a conductor touched only by air, one of 
the best although not the strongest of insulators, cannot with its atmo- 
sphere be supposed to be insulated, so as to hold an electric charge in 
interplanetary space. It has been supposed, indeed, that outside the 
earth’s recognised atmosphere there exists something or nothing in 
space which constitutes a perfect insulator ; but this supposition seems 
to have no other foundation than a strange idea that electric conductivity 
is a strength or a power of matter rather than a mere non--resisiance. 
In reality we know that air highly rarefied by the air-pmnp, or by 
other processes, as in the construction of the “vacuum tubes,” by 
which such admirable phenomena of electric light have recently been 
seen in this place, becomes extremely weak in its resistance to the 
transference of electricity through it, and begins to appear rather as a 
conductor than an insulator. One hundred miles or upwards from the 
earth’s surface, the air in space cannot in all probability have resisting 
power enough to bear any such electric forces, as those which we 
generally find even in serene weather in the lower strata. Hence, we 
cannot, with Peltier, regard the earth as a resinously charged conductor, 
insulated in space, and subject only to accidental influences from 
temporary electric deposits in clouds, or air round it ; but we must 
suppose that there is always essentially in ^he higher aerial regions 
a distribution arising from the self-relief of the outer highly rarefied 
air by disruptive discharge. This electric stratum must constitute very 
nearly the electro-polar complement to all the electricity that exists on 
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the earth’s surface, and in the lower strata of the atmosphere; in 
other words, the total quantity of electricity, reckoned as excess of 
positive above negative, or of negative above positive, in any large 
portion of the atmosphere, and on the portion of the earth^s surface 
below it, must be very nearly zero. The quality of non-resistance 
to electric force of the thin interplanetary air being duly considered, 
we might regard the earth, its atmosphere, and the surrounding 
medium as constituting respectively the inner coating, the di-electric 
(as it were glass), and the outer coating of a great Leyden phial, 
charged negatively ; and even if we were to neglect the consideration 
of possible dej)osits of electricity through the body of the di-electric 
itself, we should arrive at a correct view of the electric indications 
discoverable at any one time and place of the earth’s surface. 
In fact, any kind of “collector,** or plan for collecting electricity 
from or in virtue of the natural “ terrestrial atmospheric electri- 
city,” gives an effect simply proportional to the electriHcation of the 
earth’s surface then and there. The methods of collecting by fire and 
water which the speaker exhibited, gave definitively, in the language of 
the mathematical theory, the “electric potential” of the air at the 
point occupied by the burning end of the match or by the portion of 
the stream of water where it breaks into drops. If the apparatus is 
used in an open plane, and care be taken to eliminate all disturbance 
due to the presence of the electrometer itself and of the observer 
above the ground, the indicated effect, if expressed in absolute electro- 
static measure, and divided by the height of the point tested above the 
ground, has only to be, (according to an old theorem of Coulomb’s, cor- 
rected by Laplace,) divided by four times the ratio of tli^ircumference 
of a circle to its diameter, to reduce it to an expression of the number 
of units in absolute electrostatic measure of the electricity per unit of 
area of the eartl/s surface at the time and place. The mathematiciil 
theory does away with every difficulty in explaining the various and 
seemingly irreconcilable views which different writers have expressed, 
and explanations which different observers have given of the functions 
of their testing apparatus. In the present state of electric science, the 
most convenient and generally intelligible way to state the result of an 
observation of terrestrial atmospheric-electricity, in absolute measure, 
is in terms of the number of elements of a constant galvanic battery, 
required to produce the same difference of potentials ns exists between 
the earth and a point in the air at a stated height above an open level 
plane of ground. Observations with the portable electrometer had 
given in ordinary fair weather, in the island of Arran, on a flat open 
sea beach, readings varying from 200 to 400 Daniel’s eloments, as 
the difference of potentials between the earth and the match, at a 
height of 9 feet above it. Hence, the intensity of electric forde perpen- 
dicular to the earth’s surface, must have amounted to from 22 to 44 
Daniel’s elements, per foot of air. In fair weather, with breezes from 
the east or north-east, he had often found from 6 to 10 times the 
higher of these intensities. 
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Even in fair weather, the intensity of the electric force in the air 
near the earth’s surface is perpetually fluctuating. The speaker had 
often observed it, especially during calms or very light breezes from 
the east, varying from 40 Daniel’s elements per foot, to three or four 
times that amount during a few minutes ; and returning again as 
rapidly to the lower amount. More frequently he had observed 
variations from about 30 to about 40, and back again, recurring in 
uncertain periods of perhaps about two minutes. These gradual 
variations cannot but be produced by electrifled masses of air or 
cloud, floating by the locality of observation. Again, it is well known 
that during storms of rain, hail, or snow, there are great and some- 
times sudden variations of electric force in the air close to the earth. 
These are undoubtedly produced, partly as those of fair weather, by 
motions of electrifled masses of air and cloud ; partly by the fall of 
vitreously or resinously electrified rain, leaving a corresponding de- 
ficiency in the air or cloud from which it falls ; and partly by disruptive 
discharges (flashes of lightning) between masses of air or cloud, or 
between either and the earth. The consideration of these various 
phenomena suggested the following questions, and modes of observa- 
tion for answering them. 

Question 1. How is electricity distributed through the different 
strata of the atmosphere to a beiglit of five or six miles above the 
earth’s surface in ordinary fair weather? To be answered by electrical 
observations in balloons at all heights up to the highest limit, and 
simultaneous observations at the earth’s surface, 

Q. 2. Does electrification of air close to the earth’s surface, or 
within a few hundred feet of it, sensibly influence the observed electric 
force ? and if so, how does it vary with the weather, and with the time 
of day or year ? The first part of this question has been answered very 
decidedly in the affirmative, first, for large masses of air within a few 
hundred yards of the earth’s surface, by means of observations made 
simultaneously at a station near the seashore in the island of Arran, 
and at one or other of several stations at different distances, within six 
miles of it, on the sides and summit of Goatfell. After that it was 
found, by simultaneous observations made at a window in the Natural 
Philosophy Lecture Room, and on the College Tower of the University 
of Glasgow, that the influence of the air within 100 feet of the earth's 
surface was always sensible at both stations, and offen paramount at 
the lower. Thus, for example, when in broken weather, the superficial 
electrification of the outside of the lecture room, about 20 fiet above 
the ground, in a quadrangle of buildings, was found positive, the super- 
ficial electrification of the sides of the tower, about 70 feet higher, 
was often found negative or nearly zero ; and this sometimes even 
when the positive electrification of the sides of the building at the 
lower station equalled in amount an ordinary fair weather negative. 
This state of things could only exist in virtue of a negative electrifica- 
tion of the circumambient air, inducing a positive electrification on the 
ground and sides of tlie quadrangle, but not sufficient to counter- 
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balance the influence on the higher parts of the tower of more distant 
positively electrified aerial masses. 

A long continuation of such systems of simultaneous observation — 
not in a town only, but in various situations of flat and of mountainous 
country, on the sea coast as well as far inland, in various regions of the 
world — will be required to obtain the information asked for in the 
second part of this question. 

Q. 3. Do the particles of rain, hail, and snow in falling through 
the air possess absolute charges of electricity ? and if so, whether 
positive or negative, and of wliat amounts in different conditions as to 
place and weather? Attempts to answer tliis question have been 
made by various observers, but as yet without success ; as for instance 
by an “ electro-pluviometer,” tried at Kew many years ago. By 
using a sufficiently w’ell insulated vessel to collect the falling particles, 
it is quite certain that a decided answer may be obtained witli ease 
for the cases of hail and snow. Inducti\e effects ]irodnced by drops 
splashing away from the collecting vessel, if exposed to the electric 
force of the air in an open position, or inductive effects of the opposite 
kind produced by drops splashing aivay from surrounding walls or 
screens and falling into the collecting vessel, if not in an exposed 
position, make it less easy to ascertain the electrical quality of rain ; 
but, by taking means to obviate the disturbing effects of these influences, 
the speaker hoped to arrive at definite results. 

It w ould have been more satisffictory to have been able to conclude 
a discourse on atmospheric electricity otherwise than in questions, but 
no other form of conclusion would have been at all consistent with the 
present state of knowledge. ^ 

The discourse was illustrated by the use of the mirror electrometer 
reflecting a beam of light from the electric lamp, and ihrow ing it on a 
white screen, where' its motions were measured by a divided scale. The 
principle of the water-dropping collector was illustrated by allowing a 
jet of water to flow by a fine nozzle into the middle of the lecture- 
room, from an uninsulated metal vessel of water and com})ressed air, 
and collecting the drops in an insulated vessel on the floor. I'his 
vessel was connected with the testing electrode of the reflecting electro- 
meter ; and it was then found to experie nce a continually increasing 
negative electrification, when fixed positively electrified bodies were in 
the neighbourhood of the nozzle. If the same exjeeriment were made 
ill ordinary fair weather in tlie open air, instead of under the roof and 
within the walls of the lecture-room, the same result would be 
observed, without the presence of any artificially electrified body. 
The vessel from which the water was discharged was next insulated ; 
and other circumstances remaining unvaried, it was shown that this 
vessel became rapidly electrified to a certain degree of positive poten- 
tial, and the falling drops ceased to communicate any more ’electricity 
to the vessel in which they W'cre gathered. 

The influence of electrified masses of air was illustrated by carry- 
ing about the portable electrometer, with its match burning, to different 
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parts of the lecture-room, while insulated spirit lamps connected with 
the positive and negative conductor of an electrical machine, burned 
on the two sides. The speaker observed the indications on the portable 
electrometer ; but the potentials thus measured, were seen by the audience 
marked on the scale by the spot of light ; the reflecting electrometer 
being kept connected with the portable electrometer in all its positions, 
by means of a long fine wire. It was found that when the burning 
match was on one side of a certain surfiice dividing the air of the 
lecture- room, the potential indicated was positive, and on the other 
side negative. 

The water-dropping collector constructed for the self-registering 
apparatus to be used at Kew, had been previously set upon the roof 
of the Royal Institution, and an insulated wire (Beccaria’s ‘‘ Deferent 
Wire *') led down to the reflecting electrometer on the lecture-room 
table. The electric force in the air above the roof was thus tested 
several times during the meeting ; and it was at first found to be, as it 
had been during several days preceding, somewhat feeble positive 
(corresponding to a feeble negative electrification of the earth’s surface, 
or rather housetops, in the neighbourhood). This was a not unfrequent 
electrical condition of days, such as these had been of dull rain, with 
occasional intervals of heavier rain and of cessation. The natural 
electricity was again observed by means of the reflecting electrometer 
during several minutes near the end of the discourse ; and was found 
instead of the weak positive which bad been previously observed, to be 
strong positive of three or four times the amount. Upon this the 
speaker quoted* an answer, which Prior Ceca had given to a question 
Beccaria had put to him “ concerning the state of electricity when the 
weather clears up.” “‘If, when the rain has ceased (the prior said 
to me) a strong excessivef electricity obtains, it is a sign that the 
weather will continue fair for several days ; if the electricity is but 
small, it is a sign that such weather will not last so mnt^h as that 
whole day, and that it will soon be cloudy again, or even will again 
rain.’ ” The climate of this country is very different from that 
of Piedmont, where Beccaria and his friend made their observations, 
but their rule as to the “ electricity of clearing weathei has been 
found frequently confirmed by the speaker. He therefore considered, 
that although it was still raining at the commencement of the meeting, 
the electrical indications they had seen gave fair promisej for the re- 
mainder of this evening, if not for a longer period. There can be no 
doubt but that electric indications, when sufficiently studied, will be 
found important additions to our means for prognosticating the weather ; 


♦ Prom Beccaria’s first letter “ On Terrestrial Atmospheric Electricity daring 
Serene Weather ,'^ — Garzegna di Mondavi^ May 16. 1775. 
t t.e. vitreous, or positive. 

i At the conclusion of the meeting it was found that the rain had actually 
ceased. The weather continued fair daring the remainder of the night, and 
three or four of the finest days of the season followed. 
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and the speaker hoped soon to see the atmospheric electrometer 
generally adopted as a useful and convenient weather-glass. 

The speaker could not conclude without guarding himself against 
any imputation of having assumed the existence of two electric fluids 
or substances, because he Imd frequently spoken of the vitreous and 
resinous electricities. Dufay’s very important discovery of two modes 
or qualities of electrification, led his followers too readily to admit his 
supposition of two distinct electric fluids. Franklin, ^^pinus, and 
Cavendish, with a hypothesis of one electric fluid, opened the way 
for a juster appreciation of the unity of nature in electric phenomena. 
Beccaria, with his “ electric atmospheres,” somewhat vaguely struggled 
to see deeper into the working of electric force, but his views found 
little acceptance, and scarcely suggested inquiry or even meditation. 
The 18th century made a school of science for itself in which, for the 
not unnatural dogma of the earlier schoolmen “matter cannot act 
where it is not,” was substituted the most fantastic of paradoxes, 
contact does not exist, Boscovich’s theory was the consummation of 
the 18th century school of physical science. This strange idea took 
deep root, and from it grew up a barren tree, exhausting the soil and 
overshadowing the whole field of molecular investigation, on which so 
much unavailing labour was spent by the great mathematicians of the 
early part of our 19th century. If Boscovich’s theory no longer 
cumbers the ground, it is because one true philosopher required more 
light for tracing lines of electric force. 

Mr. Faraday’s investigation of electrostatic induction influences 
now every department of physical speculation, and constitutes an era 
in science. If we can no longer regard electric and magnetic fluids 
attracting or repelling at a distance as realities, we may ITbw also con- 
template as a thing of the past that belief in atoms and in vacuum, 
against which Leibnitz so earnestly contended in his memorable cor- 
resjx^ndence with Dr. Samuel Clarke. 

^Ve now look on space as full. We know that light is propagated, 
like sound, through pressure and motion. We know that tliere is no 
substance of cidoric — that inscrutably minute motions cause the expan- 
sion which the thermometer marks, and stimulate our sensation of heat 
— that fire is not laid up in coal more than in this Leyden phial, or this 
weight : there is potential fire in each. If electric force depends on a 
residual surface action, a resultant of an inner tension experienced by 
the insulating medium, we can conceive that electricity itself is to be 
understood as not an accident, but an essence of matter. Whatever 
electricity is, it seems quite certain that electricity in motion is heat ; 
and that a certain alignment of axes of revolution in this diotion is 
magnetism. Faraday’s magneto-optic experiment makes this not a 
hypothesis, but j demonstrated conclusion. Thus a rifle bujlet keeps 
its point foremost ; Foucault’s gyroscope finds the earth’s axis of pal- 
pable rotation j and the magnetic needle shows that more subtle 
rotatory movement in matter of the earth, which we call terrestrial 
magnetism, all by one and the same dynamical action. 
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It is often asked, are we to fall back on facts and phenomena, and 
give up all idea of penetrating that mystery which hangs round the 
ultimate nature of matter? This is a question that must be answered 
by the metaphysician, and it does not belong to the domain of Natural 
Philosophy. But it does seem that the marvellous train of discovery, 
unparalleled in the history of experimental science, which the last 
years of the world has seen to emanate from experiments within these 
walls, must lead to a stage of knowledge, in which laws of inorganic 
nature will be understood in this sense— that one will be known as 
essentially connected with all, and in which unity of plan through an 
inexhaustibly varied execution, will be recognized as a universally 
manifested result of creative wisdom. 

[W. T.] 



Friday, January 18, 1861. 


William Robert Gxote, Esq. Q.C. F.R.S. Vice-President, 
in the Chair. 

John Tyndall, Esq. F.R.S. 

PBOFESdOB OF NATUEIL PHrLOSOPHT, ROTAL IKSTITUTTON. 


On the Action of Gases and Vapours on Eadiant Heat, 

Thb discourse commenced by a reference to the researches of Leslie, 
Forbes, and Knoblauch ; but more especially to the admirable inves- 
tigations of Melloni on Radiant Heat. These eminent men had left 
the gaseous form of matter practically untouched, and to extend our 
knowledge into this wide region was the object of the investigation 
on which the present discourse was founded. 

The apparatus made use of, and which was applied in the experi- 
ments of the evening, consists of the following parts : — 

1. A copper cube C, containing water kept constantly boiling, 
and one of whose faces, coated with lamp-black, forms the source of 
radiant heat. 

2. A brass ttibe, 2' 4 inches in diameter, which is divided into two 
portions, a and p. 

a. The portion of the tube intended to receive the gases and vapours ; 
it is stopp^ air-tight at its two ends by plates of rock-salt, and is 
attached to a good air-pump, by which it can be exhausted at pleasure. 
The length is 4 feet 

fi. An air-tight chamber between the iy\he a and the cube C. It 
is kept constantly exhausted, and the calorific rays therefore pass from 
the radiating plate through a vacuum into the tube, thus retaining the 
quality which belonged to them at the moment of emission. 

To prevent the transmission of heat by conduction from the cube 
C to the tube a, the chamber ^ is partly embraced by an annular 
space, in which cold water continually circulates. 

3. A thermo-electric pile furnished with two conical reflectors, and 
connected with an excellent galvanometer. One of the faces of the 
pile receives the rays which have passed through the tube a. 

4. A second copper cube C', also filled with boiling Wfftcr, and 
whose rays fall upon the second face of the thermo-electric pile. The 
two cubes C and O', thus radiating upon the opposite faces of the pile, 
tend, of course, to neutralise each other. 

Between the cube C' and the adjacent face of the pile a screen S is 
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introduct^d, being attached to an apparatus of RuhmkorfTs, capable of 
extremely fine motion ; by the partial advance or withdrawal of this 
screen the two sources of heat can be caused to neutralise each other 
perfectly. 

The tube a and the chamber being both exhausted, the needle 
of the galvanometer is brought exactly to zero by means of the screen 
S. Tlie gas or vapour to be experimented with is now admitted into 
the tube a, and if it possess any sensible absorbing power, it will 
destroy the previously existing equilibrium. The consequent deflec- 
tion of the galvanometer, properly reduced, is the measure of the 
absorption. In this way the action of eight gases and thirteen vapours 
have been examined, and also the action of atnjospheric air. 

Oxygen, hydrogen, nitrogen, and atmospheric air, respectively 
absorb about 0 * 3 per cent, of the calorific rays; this is the feeblest 
action which has been observed. 

The most energetic action is that of olefiant gas, which at the ten- 
sion of one atmospliere absorbs 81 per cent, of the calorific rays. 
Between those extremes stand carbonic oxide, carbonic acid, nitrous 
oxide, and sulphuretted hydrogen. 

Below a certain tension, which varies for different gases, the 
amount of heat absorbed is exactly proportional to the density of the 
gas. Above this tension, the rays on which the principal absorptive 
energy is exerted, become gradually exhausted, so that every augment- 
ation of density produces a diminished effect. 

In the case of olefiant gas, for examph', where a unit measure 
j?jyth of a cubic inch in capacity was made use of ; for a series of fifteen 
such measures, the absorption was exactly proportional to the quantity 
of gas ; subsequently, the ratios of the successive absorptions approached 
gradually to equality. The absorption produced by a single measure 
of olefiant gas of the above volume, moved tlie index of the galvano- 
meter through an angle of 2 • 2 degrees ; the tension of the gas being 
only atmosphere. 

In the case of vapours, the most energetic is that of sulphuric ether ; 
the least energetic is that of bisulphide of carbon. Comparing small 
volumes and equal tensions, the absorptive energy of sulphuric ether 
vapour is ten times that of olefiant gas, and ten tlmusaud times that of 
oxygen, hydrogen, nitrogen, or atmospheric air. 

On a fair November day the aqueous vapour in the atmosphere 
produced fifteen times the absorption of the true air itself. It is on 
rays emanating from a source of comparatively low tempeiuture that 
this great ab^o^ptive energy is exerted ; hence the aqueous vapour of 
the atmosphere must act powerfully in intercepting terrestrial radia- 
tion ; its changes in quantity wouUf produce corresponding changes of 
climate ; subsequent researches must decide whether this rera causa 
is competent to account for tlie elimatal clianges which geologic 
researches reveal. 

Oxygen obtaineil from the electrolysis of water exerted four times 
the absorptive energy of the same substance when caused to pass 
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through iodide of potassium; the greater action being due to the 
presence of ozone. 

The radiative power of gases was examined by causing them to pass 
over a heated sphere of metal, and ascend in a column in front of the 
thermo-electric pile ; various precautions were taken to secure 
accuracy in the results. It was found that the order of radiation was 
exactly that of absorption ; that any atom or molecule which is capable 
of accepting motion from agitated ether, is capable in precisely tlie 
same degree of imparting motion to still ether. Films of gas on sur- 
faces of })olished metal were found to act like coats of varnish. 

The sjH'aker also investigated the physical connection of radiation, 
absorption, and conduction. In the foregoing experiments free atoms 
and molecules were dealt with, and upon them individually was fixed 
the responsibility of the effects observed. These effects are thus 
detached from considerations of cohesion and aggregation, which sug- 
gest themselves in the case of liquids and solids. 

The reciprocity of absorption and radiation is a simple mechanical 
consequence of the theorj' of an ether. 

But why is one molecule competent to stop or generate a calorific 
flux so much more powerfully than another ? The experiments prompt 
the following reply : — The elementary gases which have been examined 
all exhibit extremely feeble powers both of absorption and radiation, 
in comparison with the compound ones. In the former case we have 
oscillating atoms, in the latter oscillating systems of atoms. Uniting 
the atomic tlieory with the conception of an ether, it follows that the 
compound molecule which furnishes points d'appui to the ether must 
be capable of accepting and generating motion in a far gseater degree 
than the single atom, which we may figure to our minds as an oscillat- 
ing sphere. Thus oxygen and hydrogen, which, taken separately, or 
united mechanically,* produce a scarcely sensible effect, when united 
chemically to form oscillating systems as in aqueous vapour, produce a 
powerful effect. Thus also, nitrogen and hydrogen, which when 
separate or mixed, produce but little action, when 'combined to form 
ammonia, produce a great action. So also nitrogen and oxygen, which 
when mixed as in air, are feeble absorbers and radiators, when united 
to oscillating systems, as in nitrous oxide, are very powerful in both 
capacities. Comparing small volumes and e(|ual tensions, the action 
of nitrous oxide is 250 times that of air ; a fact which perhaps furnishes 
a stronger presumption than any previously existing, that air is a 
mixture^ and not a compound. Carbonic oxide is about 100 times 
as powerful as its constituent oxygen ; carbonic acid is 150 times as 
powerful, while olefiant gas, as already remarked, is 1000 times as 
powerful as its constituent hydrogen. In the case of the hydro-car- 
bon vapours, where the atomic groups attain a higher degree of com- 
plexity, the action is even greater than that of olefiant gas. 

The speaker also referred to the experiments and observations of 
Niepce, Angstrom, and Foucault ; but more especially to the admira- 
ble researches of Kirchhoff and Bunsen, as regards the influence of the 
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period of oscillation on the rate of absorption. He pointed out how the 
grouping of atoms to systems in a resisting medium must tend to make 
their periods of oscillation longer, and thus bring them into isochronism 
with the periods of the obscure radiations made use of in the experi- 
ments. 

With regard to conduction, the speaker would illustrate his views 

reference to two substances — rock-salt and alum. He was once 
surprised to observe the great length of time required by a heated 
mass of rock-salt to cool ; but this was explained by the experiments 
of Mr. Balfour Stewart, who shows that rock-salt is an exceedingly 
feeble radiator. The meaning of this is that the molecules of the salt 
glide through the ether with small loss of vis viva. But the ease of 
motion which they are thus proved to enjoy must facilitate their mutual 
collision. The motion of the molecules, instead of being expended on 
the ether between them, and then communicated in part to the ether 
external to the mass, is transferred freely from particle to particle ; or 
in other words, is freely conducted. This d priori conclusion is com- 
pletely verified by the author's experiments, which prove rock-salt to 
be an excellent conductor. It is quite the reverse with alum. Mr. 
Balfour fiitewart*B experiments prove it to be an excellent radiator, and 
the author’s experiments show it to be an extremely bad conductor. 
Thus it imparts with ease its motion to the ether, and for this very 
reason finds difficulty in transferring it from particle to particle ; its 
molecules are in fact so constituted that when one of them approaches 
its neighbour, a swell is produced in the intervening ether ; this motion 
is immediately communicated to the ether outside, and is thus lost 
for the purposes of conduction. The lateral waste prevents the motion 
from penetrating the alum to any great extent, and hence it is pro- 
nounced a bad conductor. These considerations seem to reduce the 
phenomena of absorption, radiation, and conduction to the simplest 
mechanical principles. 

[J.T.] 



Friday, February 22, 1861. 

Sm Roderick I. Murciiisox, D.C.L. F.R.S. Vicc-l’iesiileiit, 
ill the Chair. 

Frofkssou Fauadav, D.C.L. F.R.S. 

Oh Platmum, 

The discourse was founded on the recent investigations of MM. Henri 
Ste-Claire Deville and II. Debray regarding the cliaraeters and con- 
ditions of the platiniferous metals, and the new process of working the 
ore which they have established on their results. Wherever platinum 
occurs, it is usually, if not always accompanied by five other remark- 
able metals ; namely, Ruthenium, Osmium, Iridium, Rhodium, and 
Palladium : and in addition, by other substances, as iron, copper, gold, 
silver, and sand. Being washed, the heavy particles are left as the 
general ore of platinum ; this metal constituting by far the largest 
part of the substances. 

The six metals, when obtained apart and purified, form two groups 
of three each ; each group having an equivalent number very ditierent 
from that of the other group, as appears in this table : — 

Equivalent number, 95 *5. Equivalent number, 53. 

1. Osmium . Spec. grav. 21*40 2. Ruthenium , Spec. grav. 11*3 

3. Iridium .... „ 21*15 4. Rhodium , . . • „ 12*1 

5. Platinum . , . „ 21*15 6. Palladium . . , „ 11*8 

The three in the first group have the same equivalent number, and 

nearly the same specific gravity ; but osmium takes the place of 
platinum as the heaviest of bodies. The equivalent number of the 
second group is alike for all, but it is little more than half that of the 
former group. 1 he specific gravity also of the group is little moie 
than half that of the former group : from which it results that an 
equivalent of any of these will have very nearly the same volume as an 
equivalent of any one of the heavier group. 

'I’here are certain analogies between 1 and 2 ; 3 and 4 ; 5 and 6 ; 
platinum is more like palladium than like the other metals. These 
numbers also represent the order of fusibility. Osmium has not as 
yet been fused ; the rest have, in the order given. Platinum appears 
among them as a comparatively easily fusible metal. Tliey are all 
volatile at very high temperatures, even osmium disappearing whilst 
the moss remains solid. 
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The platinum has usually been obtained from these ores (after they 
have been well washed, sifted, and mechanically separated) by the action 
of nitro-muriatic acid; which, bringing the platinum into solution, 
supplies a fluid which, on the addition of muriate of ammonia, &c., 
throws down a precipitate of ammonio-chloride of platinum. This, 
washed, dried, and heated, gives spongy metallic platinum ; which 
being then pressed, heated, and hammered, yields massive platinum ; 
the aggregation of the particles taking place entirely by adhesion and 
welding. Instead of forming a solution by acids, Deville proposes to 
employ a heat fluxion process ; and instead of welding, to fuse the 
metal together at the last by intense heat, obtained by the use of the 
oxy-hydrogen or the oxy-coal-gas blowpipe. The ore, properly prepared, 
is mixed with its weight of galena, or native sulphuret of lead, and 
half its weight of metallic lead ; it is then heated and well stirred 
together, the iron and some other metals are taken up by the sulphur 
of the galena, the platinum and other metals are taken possession of by 
the lead, and when the action is well effected, the access of air is 
adjusted until the remaining part of the sulphuret is decomposed, and 
only platiniferous lead left at the bottom part of the crucible or furnace, 
with scorius upon it. The former is separated, and then heated, exposed 
to air until much of the lead is oxidized ; which, escaping as litharge, 
leaves at last an alloy of lead and platinum, containing not more than 
10 or even 5 per cent, of lead. Such an alloy of platinum requires a 
very high temperature to fuse it, and this is therefore attained and 
applied in furnaces constructed of chalk-lime, heated by the insertion 
of gas blowpipes. The heat first melts the alloy, and being combined 
with oxygen in a little excess, the remaining lead is rapidly oxidized 
and dissipated in fumes, and then being raised and continued, any gold, 
copper, osmium, or other metals, except iridium and rhodium, are also 
converted into vapour and driven off. The platinum remaining is at 
last heated to a still higher degree, and is either cast into flat cakes or 
granulated ; and this has been done with quantities weighing even as 
much as 4() lbs. 

I'he resulting metal contains some iridium and some rhodium, 
being in fact an alloy of platinum; but it is an alloy ^.hich being 
harder than platinum, and even less liable than it to the chemical action 
of acids and other chemical agents, is as useful as the pure substance 
in the ordinary applications of the metal. As iridium and rhodium 
have no employment at present better than that of alloying platinum, 
their quantity has been purposely increased until it has made as much 
as 25 per cent, of the mass. 

A mixed process has been devised by MM. Deville and Debray, 
which gives a platinum purer than any heretofore obtained. It is then 
as soft and ductile as silver. But for this process, for general directions 
and minute particulars, and for most interest i^ig matter about all the 
metals of the platinum group, the reader is referred to Volumes LVI. 
and LXI. of the Annales de la Chimie, 

[M. F.] 



Friday, March I, 18(31. 


Sir Henry Holland, Bart. M.D. F.R.S. in the Chair. 


Henry Enfield Koscoe, Esq. 

l*EOFF:SSOtt OP CHEMISTEY IX OWEN’a (OLLEXJE, MAXClIKbTEK. 


On Bunsen and Kirchhoff's Spectrufn Observations. 

The speaker commenced by stating that the researches of Bunsen and 
Kirchhoff, which he Iiad the honour of bringing before his audience, 
marked a new era in the science of Analytical Chemistry ; that by 
means of these discoveries the composition of terrestrial matter becomes 
revealed to us with a degree of accuracy and delicacy as yet unheard of, 
so that chemical elements supposed to be of rare and singular occur- 
rence, are shown to be most commonly and widely distributed, and on 
the iirst practical application of this new method of analysis two new 
and hitherto undetected alkaline metals have been discovered. 

The importance of these researches becomes still more strikingly 
apparent, w'hen we hear that the conclusions derived from them outstep 
the bounds of our planet, enabling us to determine with all the certainty 
of definite experiment the actual presence of a number of elementary 
bodies in the sun. 

The colours which certain bodies impart to flame, have long been 
used by chemists as a test for the presence of such bodies. Thus 
soda brought into a colourless flame produces a bright yellow light, 
and substances containing soda in any form give this yellow colour. 
Potash gives a violet flame, lithia and strontia impart to flame a crimson 
fdour, whilst salts of barium tinge it green. These colours are pro- 
duced by the incandescence or luminosity of the heated vapour of the 
various bodies placed in the flame. It is only because these sub- 
stances are volatile, or become gases at tlie temperature of the flame, 
that we observe the peculiar colour. If any substance, such as pla- 
tinum, which is not volatile at the temperature of the flame, be placed 
in it, no coloration is observed. The higher the temperature of the 
flame into which the same substance is placed, the greater will be the 
luminosity ; and the more volatile the salt of the same metal, the more 
intense is the light produced. 
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Heated to the point of incandescence in any other manner, the 
vapours of these metals and their salts give out the same coloured 
light. Thus, if we burn gun-cotton, or gun-paper, steeped in solu- 
tions of these various salts, we get the cliaracteristic colours. The 
well-known coloured fires owe their peculiar effects to the ignition of 
the vapour of some particular substance. Thus, in red fire we have 
strontium, in green fire we have barium salts present in the state 
of luminous vapour. 

These facts have long been known and applied ; but it was reserved 
for Bunsen and Kirchholf to place these beautiful phenomena in their 
true position, to apply to them the modern methods of exact research ; 
and thus to open out a new and rich field for most important investiga- 
tions. This they accomplished in a most simple and beautiful manner, 
by examining these coloured flames, not by the naked eye, but by means 
of a prism or an apparatus for separating, decomposing, or splitting up 
the light produced by the incandescent vapour into its diflereut con- 
stituent parts. 

If we pass white sun-light through a prism, wo get the well-known 
solar spectrum discovered by Newton. Tlie red, or least refrangible 
rays appear at ono end, and we pass through all gradations of colour — 
noticing on our way certain dark lines or spaces, showing the absence in 
solar light of some particular rays, lims with which we shall have 
much to do — until we arrive at the violet, or most refrangible end of 
the spectrum. If instead of using white sun-light, we pa.ss the rays 
from the yellow soda flame through the prism, we get the soda spec- 
trum ; and we find that instead of a continuous spectrum, all we see is 
one bright yellow line, showing that every kind of light except tliat 
bright yellow ray, is absent in the soda flame ; or that the soda flame 
gives out only one hind of light. 

And as each metal, sodium, potassium, litliium, calcium, stron- 
tium, barium, &c., communicates a distinct tint to flame, so each gives 
a distinct and characteristic spectrum, consisting of certain briglit 
coloured lines, or bands of light of the most peculiar form and tint. 

The actual spectra of these metals can be beautifully seen in tlie 
simple apparatus designed by Bunsen and Kirchhoff. 

In each spectrum of these metals, the form, number, position, colour, 
and tone of the bright lines remain perfectly constant and unvarying, 
80 that from the presence or absence of one of these lines, we nniy 
with absolute certainty draw conclusions respecting the presence or 
absence of the particular metal, as we know of no two substances 
which produce the same bright lines. None of the bright lines pro- 
duced by any one metal interfere in the least with those of any other, 
and in a mixture of all these metallic salts together, each ingredient 
can thus be easily detected. 

As an example of the exactitude with whi* ^ a very small quantity 
of a most complicated mixture can thus be analyzed, the speaker 
quoted Bunsen’s words. “ I took,” says Bunsen, “ a mixture of 
chloride of sodium, chloride of potassium, chloride of lithium, 
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chloride of calcium, chloride of strontium, chloride of barium, 
containing at most part of a grain of each substance. 

This mixture I put into the flame, and observed the result. First, 
the intense yellow sodium line appeared, on a background of a pale con- 
tinuous spectrum ; as this began to be less distinct, the pale potassium 
lines were seen, and then the red lithium line came out, whilst the 
barium lines appeared in all their vividness. The sodium, lithium, 
potassium, and barium salts were now almost all volatalized, and after 
a few moments the strontium and calcium linos came out, as from 
a dissolving view, gradually attaining their characteristic brightness 
and fonn.” 

We cun thus detect the most minute traces of any one of these 
bodies, if mixed with the largest quantities of any other substance. 
The delicacy and accuracy of these reactions is without parallel, as is 
seen from the following statements : — • 

1. Soda ii;oob«i part of a milligramme, or pa^’*^ t>f a grain of 

soda can be detected. JSoda is always present in the air. All bodies 
exposed to air show the yellow sodium line. If a book bo dusted near 
the flame the soda light can be seen. 

2. Lithia P^ft of a milligramme, or of a grain of 

lithia can easily be detected. Lithium was only known to occur in 
four mificr-alv;. It is now found by spectrum analysis lO be one of the 
most \vi<R y distributed elements. It exists in almost all rocks ; it has 
been found in 3 cubic inches of sea, river, and Thames water ; in the 
ashes of tobacco, and most plants ; in milk, human blood, and mus- 
cular tissue, 

3. Strontia of a milligramme, or iltiobob parts a grain of 
strontia can easily be detected. 

4. Lime of ^ milligramme, or of a grain may be easily 
detected. 

In examining the spectra of the alkalies obtained from certain 
mineriil waters, Eunsen observed the occurrence of two bright blue 
lines which he had not seen before, when he examined alkalies from 
other sources. Hence he concluded tliat these briglit lines must be 
produced by a new, hitherto undetected, alkaline metal. Subsequent 
search proved the validity of the supposition. Tlie new metal was 
found and isolated. The analogy between this discovery and a cele- 
brated one in another branch of physical science, will be at once 
understood. As Adams and Leverrier discovered Neptune, so 
Bunsen discovered “ Cresium ” by the perturbations produced in the 
spectra of the other alkaline metals. 

This is, however, not all. A few days ago the speaker ^ceived a 
letter from Bunsen, which contains the following most interesting infor- 
mation ; — “ The substance which I sent you as impure Urtrale of 
Ceesium contains a second new alkaline metal. I am at present engaged 
in preparing its compounds. I hope soon to be able to give you more 
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detailed information concerning it. The spectrum of the new metal 
consists of two splendid red lines situated beyond the red line K a in 
the ultra red portion of the solar spectrum. Hence I propose to call 
the new metal ^ Rubidium.^ ” 

That this same method of investigation can be extended to all the 
metallic elements is more than probable, for Kirchhoff writes — ‘‘ I have 
assured myself that even the metals of the rarest earths, as yttrium, 
erbium, and terbium, can be most quickly and certainly determined 
by help of the spectrum analytical method.” 

Experiments are being carried on with the view of making this 
mode of examination practically applicable to all metals. 

To turn, now, to the second, and, if possible, to the more inter- 
esting part of the subject, namely, the conclusions drawn from these 
observations respecting the composition of the sun’s atmosphere. The 
solar spectrum invariably contains a large number of dark lines, or 
spaces, or shadows. These have been called Fraunhofer’s Lines, from 
the name of their discoverer. They show us that in the sun’s light 
certain kind of rays are wanting ; and as these lines are always present, 
exactly iu the saine position, we see that certain kinds of rays are 
always absent in solar light. There are many thousands of these lines 
in the whole length of the spectrum. Only a few have been, as yet, 
mapped and named. 

What is the cause of these constant dark lines ? And we must 
remember that it is in sunlight alone that these particular lines occur; 
in the light of the fixed stars, as well as in artificial lights, other lines 
are found. It is the discovery of this cause by Kirchhoff which gives 
the subject such peculiar interest, as it enables us to draw conclusions 
respecting the composition of the sun’s atmosphere. The points of 
the case are put as concisely as possible under the following heads ; — 

1. The solar spectrum invariably contains certain fixed dark lines, 
called Fraunhofer’s Lines. 

2. The spectra produced by the luminous vapour of all metals 
contain certain fixed bright lines, invariable, and distinct for each 
metal. 

3. All and each of the bright lines thus produced by certain 
metals — viz. sodium, potassium, magnesium, and iron — are found to 
coincide exr.^iAy with certain of the dark lines of the solai spectrum. 

4. Hence there must be some connection between the bright lines 
of the metal, and the dark solar lines. 

5. The connection is as follows ; — Each of the dark fixed lines in 
the solar spectrum is caused by the presence in the sun’s atmosphere 
of the luminous vapour of that metal which gives the coincident bright 
fine. 

By taking a special case we may more easHy understand the matter. 
Let us examine the question why it is to be concluded that Sodium 
occurs in the sun’s atmosphere? In the following sentences the 
reasoning on this subject is rendered clear : — 
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1. The light emitted by luminous sodium vapour is homogeneous. 
The sodium spectrum consists of one double bright yellow line. 

2. This bright double sodium line is exactly coincident with 
Fraunhofer’s dark double line D. 

3. The spectrum of a Drummond’s Light (like that of all incan- 
descent solids) is continuous. It contains no dark lines or spaces. 

4. If between the prism and the Drummond’s Light a soda flame 
be placed, a dark double line identical with Fraunhofer’s dark double 
line D is produced. 

5. If instead of using Drummond’s Light we pass sunlight through 
the soda flame, we see that the line D becomes much more distinct 
than when sunlight alone is employed. 

6. The sodium flame has, therefore, the power of absorbing the 
same kind of rays as it emits. It is opaque for the yellow “ D ” rays. 

7. Hence we conclude that luminous sodium vapour in the sun’s 
atmosphere causes Fraunhofer’s dark double line D. The light given 
off from the sun’s solid body producing a continuous spectrum. 

8. In a similar manner the presence in the solar atmosphere of 
potassium, iron, magnesium, nickel, and chromium has been proved. 

KirchhotTs own words may perhaps render this matter still more 
plain. “ The sun,” says Kirchhoff, consists of a glowing gaseous 
atmosphere, surrounding a solid nucleus whicli possesses a still higher 
temperature. If we could see the spectrum of the solar atmosphere 
without that of the solid nucleus, we should notice in it the bright lines 
which are characteristic of the metals it contains. The more intense 
luminosity of the internal nucleus does not, however, permit the 
spectrum of the solar atmosphere to become apparent 7^ it is reversed 
according to my newly discovered proposition ; so that, instead of the 
bright lines which 'the luminous atmosphere by itself would have 
shown, dark ones appear. We do not see the spectrum of the solar 
atmosphere itself, but a negative image of it. This case, however, 
with an equal degree of certainty serves to detect the metals present in 
the sun’s atmosphere. All that we require for this purpose is a very 
accurate knowledge of the solar spectrum, and of the spectra of the 
individual metals.” 

Kirchhoff is at present engaged in continuing these observations ; 
and although only eighteen months have elapsed since the first dis- 
covery was made, he has already mapped more than seventy lines in 
the solar spectrum, between D and E, which are produced by iron. 
He has shown that the well-known group in the green, known as h, is 
caused by magnesium, whilst other coincident lines prove the presence 
of nickel, chromium, potassium, and sodium in the solar atmosphere. 

The speake;^ regretted that he was unable to show even a drawing 
of these coincident lines, as no representation of them has yet been 
completed. 

The lines produced by many metals possessing very distinctly 
marked spectra are seen to coincide with none of the dark solar lines ; 
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and hence the conclusion is drawn, that these metals — for instance, 
silver, copper, zinc, aluminium, cobalt, lead, and antimony — do not 
occur at alJ, or at any rate occur only in very small quantities in the 
sun’s atmosphere. 

The speaker said that he should not soon forget the impression 
produced on his mind when visiting his friends in Heidelberg last 
autumn, by seeing the splendid spectacle of the coincidence of the 
bright lines of the iron spectrum with the dark solar lines. In the 
lower half of the field of the telescope were at least seventy brilliant 
iron lines of various colours, and of all degrees of intensity and of 
breadth ; whilst in the upper half of the field, the solar spectrum, cut 
up, as it were, by hundreds of dark lines, exhibited its steady light. 
Situated exactly above each of the seventy bright iron lines was a dark 
solar line. These lines did not only coincide with a degree of sharp- 
ness and precision perfectly marvellous, but the intensity and breadth 
of each bright line was so accurately preserved in its dark represen- 
tative, that the truth of the assertion that iron was contained in the 
sun, flashed upon the mind at once. 

The spe^>l«or concluded by remarking that these researches are still 
in their earliest infancy ; that the dawn of a new stellar and terrestrial 
chemistry has been announced, thus opening out for investigation a 
bright prospect of vast fields of unexplored truth. 

[II. E. R.] 



Friday, March 8, 1861. 


The Rev. John Barlow, M.A. F.R.S. Vice-President, 
in the Chair. 


Edward Frankl.ini>, F.R.S. 

On some Phenomena attending Combustion in Rarefied Air. 

The investigation forming the subject of tliis discourse had its origin 
in some experiments which the speaker made upon the summit of 
Mont Blanc, in the autumn of 1859, for the purpose of ascertaining 
the effect of atmospheric pressure upon the amount of combustible 
matter consumed by a common candle, lie found, as the average 
of five experiments, that a stearin candle diniinislT^d in weight 
9 4 grammes, when burnt for an hour at Chamonix; whilst it con- 
sumed 9*2 grammes, when ignited for the same length of time on the 
summit of Mont Blanc. This close approximation in the quantity of 
combustible matter consumed under sucli widely different atmospheric 
pressures, goes far to prove that the rate of combustion is entirely 
independent of the density of the atmo.sphere. This result was subse- 
quently confirmed by a repetition of the experiments in air, artificially 
rarefied, until it supported a column of only 9 inches of mercury. 

In burning the candles upon the top of the mountain, it was 
noticed, in the subdued light of the tent in which the operation 
was performed, that their luminosity was much less than usual. The 
lower and blue portion of the flame, which, under ordinary cir- 
cumstances, scarcely rises to within a quarter of an inch of the apex 
of the wick, now extended to the height of one-eighth of an inch above 
the cotton, thus greatly reducing the size of the luminous portion of 
the flame ; and, on subsequently repeating the experimen^ in arti- 
ficially rarefied atmospheres, and measuring the amount of light 
emitted in each case, it was found that as the rarefaction proceeded, 
the blue or non-luminous portion of the flame gradually extended 
upwards until it finally expelled, as it were, the yellow or luminous 
part even from the apex of the flame. During the progress of the 
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rarefaction, the flame became somewhat enlarged, assumed an ellip- 
soidal shape, and ultimately became almost globular, whilst a large 
extenial shell of bluish pink dame gradually came into view as the 
last portion of yellow light was disappearing from the apex of the 
flame, which had alone been previously visible. It is scarcely necessary 
to add, that during these changes in the flame, the light underwent a 
rapid diminution ; the rate of its decrease, however, was subject to con- 
siderable irregularities from the heating of the apparatus surrounding 
the candle, and the consequent guttering and unequal combustion of 
the latter. For the accurate mefisurement of the diminution of light, 
therefore, recourse was had to coal gas, which, although also liable to 
certain disturbing influences, yet yielded results, during an extensive 
series of experiments, exhibiting sufficient uniformity to render them 
worthy of confidence. 

By passing the gas through a “ governor,’’ uniformity of pressure 
in the delivery tubes could be secured; and by other appropriate 
arrangements a uniform amount of gas, viz. 0*65 cubic feet per hour, 
was made to burn in each experiment within the atmosphere of varying 
density. This experimental flame was placed at one extremity of a 
Bunsen’s photometer ; whilst, as a standard for comparison, a similar 
jet of gas, surrounded by a glass shade, and burning freely in the air 
with a uniform consumption, was fixed at the opposite end of the photo- 
meter. In the case of the experimental flame, the products of com- 
bustion were completely removed, and a steady supply of fresh air 
constantly supplied. 

The following table contains a summary of the results of these 
determinations, the illuminating power given under each pressure being 
the average of twenty closely accordant observations. In each series 
the maximum illuminating effect — that is, the light given by the 
experimental flame when burning under the full atmospheric pressure 
— is taken at 100. 


FIRST SERIES. 


Pressure of 
Air in inches 
of Mercury. 

Illuminating Power of 
Experimental Flame. 


Obeenrea. 

Calculated. 

29*9 

100 

100 

24*9 

750 

74*5 

19*9 

52*9 

49*0 

14-6 

20*2 

22-0 

9*6 

5*4 

3-5 

6*6 

•9 

-18-8 
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SECOND SEllIES. 


Pressure of 
Air iu inches 
of Mercury. 

Illuminating Power of 
Experimental Flame. 


OWrvod. 

Cdkiilatud 

30-2 

100 

100 

28*2 

91-4 

89*8 

26*2 

80*6 

79-6 

24-2 

73-0 

69*4 

22-2 

61-4 

59*2 

20*2 

47-8 

490 

18*2 

37*4 

38-8 

10-2 

29*4 

28*6 

14-2 

1 19*8 

18-4 

12*2 

12*5 

' 8*2 

10*2 

3*6 

-20 


All inspection of these results indicates that even the natural oscil- 
lations of atmospheric pressure cause a considerable variation in the 
amount of light emitted by gas flames. In order to determine these 
variations, the following special series of experiments was made, the 
pressures being very accurately ascertained by means of a water-gauge. 


TElIfiD SERIES. 


; Pressure of , 

I Air in inches | 

! of Mercury. | 

i L 


I 


30-2 I 
29'2 ! 

28 2 i 
27-2 




Illuminating Power of 
Experimental Flame. 


OtMKTvnl. 


Oaldjlatu]. 


100 

950 

89*7 

84-4 


100 

94*9 

89-8 

84-7 


It is thus evident that the combustion of an amount of gas which 
would give a light equal to 100 candles, when the barometer stands at 
31 inches, would afford a light equal to only 84*4 candles if tlie baro- 
meter fell to 28 inches. 

The results of these three series of observations taken together, 
show, that beginning at atmospheric pressure, and with 100, units of 
light, a decrease of almost exactly 5‘ I units of light is the l*esult of 
each diminution of mercurial pressure to the extent of one inch, until 
the barometer stands at 14 inches, below which the diminution of 








LIBRARY OF SCIENCE 363 

light takes place in a less rapid ratio. One of the columns headed 
“ Calculated,” in the above tables, exhibits the illuminating power 
calculated from the constant just given, and it will be seen, that these 
calculated numbers nearly coincide in most cases with the observed 
amount of light. 

In explaining the cause of the above phenomena, the speaker 
referred to the conditions upon which the light of ordinary Hames 
depends. He showed, that in these flames there are two sources of 
light, viz. incandescent gaseous matter, and incandescent solid matter ; 
but that, practically, 99 per cent, of the light of such flames owed its 
origin to the second of these sources. In gas, candle, and oil flames, 
the incandescent solid matter consisted of carbon in a minute state of 
division. The amount of light emitted by these flames depended, 
within certain limits, first, upon the quantity of solid particles of 
carbon existing, at any given moment, within the flame ; and secondly, 
upon the temperature to which these carbon particles were heated. 
Now, the temperature of a flame might be aflected by imperfect 
combustion in rarefied air ; but it had been proved, by the analysis of 
the products, that combustion was equally complete in the above 
experiments under all pressures ; in fact, it was found that complete 
combustion could be far more easily secured in rarefied air, than in air 
at the ordinary atmospheric pressure. Other experiments also showed, 
that the temperature of a flame was not materially affected by the 
pressure of the air in which it was burning ; consccpiently, it was 
inferred that the diminution of luminosity in rarefied atmospheres, 
was not due either to imperfect combustion, or to reduction of 
temperature. 

The diminution of light must therefore arise from the decrease of 
the amount of solid carbon separated within the flame ; and this the 
speaker believed to be due to the admission of oxygen in larger quan- 
tities into the interior of the flame when the atmosphere was rarefied. 
It was shown by experiment, that the admission of a cianparatively’^ 
small amount of air, and consequently of oxygen, into the interior of 
a gas flame, immediately reduced the illuminating power of the latter 
to a very marked extent ; the carbon particles, instead of being 
separated as such in the interior of the flame, being at once oxidized 
to carbonic oxide. This increased access of oxygen to the interior of 
a flame burning in rarefied air, was believed to be due to the greater 
mobility of the particles of expanded gases, which enabled the gases 
of the flame and the circumambient air to commingle more rapidly 
than at ordinary atmospheric pressure. 

The cause of the less rapid decrease of the light of flames burning 
in atmospheres below 1 4 inches of mercurial pressure was due to the 
comparative prominence assumed by the light of the incandescent 
gaseous matters of the flame at such high -tages of rarefaction ; this 
gaseous illumination being affected by pressure to a much less extent 
than that afforded by incandescent carbon particles. 

In his celebrated researches on flame, I)avy had not overlooked the 
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diminution of light by decrease of pressure, but he had not determined 
the diminution quantitatively nor indicated its cause. 

The speaker stated in conclusion, that he had only yet imperfectly 
extended his inquiry to pressures higher than that of the atmosphere ; 
but, so far as these ex[)eriinents went, they appeared to indicate that 
the law which had been elicited for lower pressures, also lield good for 
pressures above that of the atmospliere. 

[E.F.] 



Friday, March 15, 1861. 

Sir Henry Holland, Bart. M.D. F.R.S. in the Chair. 


Latimer Clark, Esq, 

On Electrical Quantity and Intensity, 

'J'he modifications of the strength of the electric current in dynamic 
electrick) aud in the amount of charge in static electricity, are at 
present usually defined by the terms Quantity and Intensity. The 
speaker pointed out that the expression intensity, as ordinarily under- 
stood, really involved two perfectly distinct (pialities, and dwelt on the 
advantage whicli would accrue to electrical science by the habitual 
separation of the complex idea of intensity into its two component 
parts, viz. that of tensiony as propounded by Ohm in his celebrated 
mathematical investigation of the galvanic circuit ; and that of quantity y 
<is developed by Faraday in those valuable researches in which he 
established the definite quantitative character of electro-chemical 
decomposition and the action of electricity on the galvanometer. The 
terra “ tension,” as here used, is intended to convey the same idea as 
the expression electromotive force y or as the term ‘‘ electric jjotential,” 
employed by Green and other mathematicians, and is eniirely dis- 
sociated from the idea of quantity ; both terms are equally applicable 
to electricity at rest or in motion. 

The quantity of electricity, both in its static condition and in its 
motion through conductors, usually varies directly as the tension, and 
hence their joint effects have been ordinarily confounded together and 
attributed to one cause under the name of intensity ; but since the 
tension and quantity do not, under all circumstances, vary in the same 
ratio, there exists an absolute necessity for their clear separation 
before any numerical reasoning can be founded on them. Cases of 
the independent variation of tension and quantity were shown, and it 
was pointed out that all the most striking properties of electricity, such 
as the decomposition of water and salts, the combustion of metals, the 
deflection of the galvanometer, the attraction of the electro-magnet, 
and the physiological effects of the current were really dependent, as 
regards their magnitude and energy, solely on the quaritity of elec- 
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tricity p^ing. Their greater energy when the tension was increased, 
was an indirect effect, due not to that tension, but to the increased 
quantity which passed in a given time by reason of the increased 
tension. A galvanometer wound with a few turns of thick wire was 
shown to be deflected as powerfully by one cell as by six, or even by 
600 cells of the same size, because by reason of its shortness the wire 
conveyed freely the whole quantity which one cell could produce, which 
was the same as that produced by the whole 600 ; but any alteration 
in the size of the cell produced a consequent change in the quantity 
and in the deflection of the galvanometer. On the other hand, a 
galvanometer with many thousand turns of flne wire gave the same 
deflection with a battery formed of a small gun -cap, as with one of 
twenty square feet of surface, because the quantity in this case was 
regulated and limited not by the size of the plates, but by the power 
of conduction of the wire ; the quantity being therefore the same in 
both cases. In every case the deflection was dependent solely on the 
quantity of electricity actually passing through the instrument with- 
out reference to its tension. 

The combustion of metals was shown to be a phenomenon depen- 
dent on quantity, and not on tension ; one cell of Grovers battery 
ignited a certain length of platina wire ; and whatever its size it would 
ignite no greater length ; but two, three, or more cells were shown to 
ignite two and three times the original length, the quantity passing in 
the greater length being under the higher tension, precisely the same 
as in the original length. This explained Faraday's oft misunderstood 
remark, that the same quantity of electricity which would ignite an 
inch of wire, would ignite a foot or a mile. 

The pain and shock experienced on touching a powerful battery, or 
shocking coil, or Leyden jar, were proportionate to the quantity of 
electricity passing through the system, and not to the tension. A 
carrier ball or minute Leyden jar charged to the highest tension, would 
produce no sensation if the quantity were absent, and the same was 
the case with a Zamboni's pile. Sparks nearly eighteen inches long 
were received from an electrical machine ; but although of this high 
tension, they produced no violent physiological effects, owing to their 
deficiency in quantity. Long sparks, nevertheless, produced greater 
effects than short ones, because at double the striking distance the 
tension is doubled, and the quantity is therefore twice as great. The 
quantity contained in a Leyden jar or battery is comparatively great, and 
the effect on the system proportionately violent. Two conditions were 
necessary for these effects : first, that the quantity present should be 
considerable; and secondly, that the tension should be sufficiently 
great to make it pass through the system. A battery of two or three 
cells, which could readily fuse platina wire, was shown to produce no 
painful sensation on the tongue, because, although the quantity was 
abundant, the tension was low ; while another battery of 6(io cells, 
which produced the most intolerable shock to the svstem, had, from 
its deficiency in quantity, scarcely any power to fuse wire. The 
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Ruhrakorff coil combined very high tension with considerable quantity, 
and its physiological effects were therefore very violent. 

A frictional machine was exhibited by Mr. Varley, constructed 
on a plan of Dr. Winter’s ; the plate was of vulcanite, or vulcanized 
India rubber, about three feet in diameter, excited by amalgam in the 
usual way ; its peculiarity was a large and lofty wooden ring, with a 
metallic rod in its interior, which, by its overshadowing inductive in- 
fluence, increased the length of the sparks from six or seven inches to 
nearly eighteen. 

The forces of electrical attraction and repulsion are sometimes 
stated to vary as the square of the intensity, sometimes as the square 
of the quantity, and sometimes as the square of the distance ; but it 
was contended, that these effects were due to the circumstance that the 
quantity usually varies in the same ratio as the tension, and as the dis- 
tance ; and that all the phenomena were more rationally explained by 
the assumption that electrical attraction and repulsion \ary in the 
simple ratio of the quantity and of the tension, and of the distance 
inversely. 

The instances in which the quantity present is not simply depen- 
dent on the tension, are those in which other electrified bodies are 
present, which, by their inductive influence, affect the quantity present 
in all bodies in their vicinity without necessarily affecting their 
tension. An insulated cylinder was connected with the positive pole of 
a DanielTs battery of 600 cells, its negative pole being connected with 
the earth ; so that the cylinder was in a condition to give off a powerful 
and visible current to another wire connected with the ground ; in this 
condition a positively electrified disc was approached to it, and by its 
inductive influence was shown to render one end of the cylinder 
electrically negative, so that a carrier ball applied to that end showed 
it to have a negative charge, thus presenting the apparent paradox of 
a negative electrified body giving off a positive current to the earth, or 
vice versd. One end was negatively electrified, and the other end 
positively, but the tension was the same everywhere. 

According to the ordinary way of regarding this class of phenomena, 
it was usual to state that the ends of the cylinder acquire(i a state of 
positive or negative mtensity^ or that they had their intensity changed : 
it was contended that this gave an inaccurate idea of the real nature 
of the change, and that the approach of an electrified body, how- 
ever near or however violently it might be excited, could not in the 
slightest degree affect the tension of a conducting body, which was in 
connection with the earth : the only influence it could have would be 
to alter the quantity in the second body, by driving a portion of 
its electricity downwards to the earth. It might be assumed as a law 
that the tension of the electricity in every part of a conducting body of 
moderate dimensions was the same, noiwithsta-uling the vicinity of other 
electrified bodies. If a positively electrified body were brought near 
an insulated conductor, the distribution of the electricity in the second 
body was changed, and its whole tension was raised, but the tension 
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remained everywhere uniform, and was as high at the negative as at 
the positive end. 

The fall of tension in electricity was always accompanied by its 
conversion into heat ; the ignition of wire by the voltaic current, the 
intense heat of the voltaic arc, and the heat and light of the electric 
discharge and of the spark, were all cases of the evolution of heat con- 
sequent on the fall of tension, and the quantity of heat evolved was 
apparently directly jyroporiionate to the fall of tension within a given 
space and to the qtuintity of electricity passing. 

In the case of electric telegraph conductors and submarine cables, 
it was shown, from a carefully conducted and extensive series of experi- 
ments, that the tension falls with the most perfect regularity from the 
positive pole of the battery to the end in connection with the earth, in 
accordance with the law of Ohm ; and since the quantity of electricity 
held under induction varies in the same ratio as the tension, the distri- 
bution of the charge in a cable follows precisely the same law. It re- 
sults from this, that if a cable with a current flowing through it be 
divided into any number of equal sections, and the quantity in the sec- 
tion connected with the earth be taken as unity, the quantities in all the 
other parts, whatever their number, will be in the ratio 1, 3, 5, 7, 9, 
11, &c. So that if a cable be divided into two halves, the quantities 
will be in the ratio of one to three. 

The speaker stated that he had ascertained that in the voltaic 
battery, the presence of two metals was not an essential condition — 
the negative metal was not necessaiy for the formation of the electric 
current, but only for its after detection and exhibition. A simple 
mass of copper, iron, zinc, or any oxidisable metal, wheff' laid on the 
moist earth, formed a complete battery in itself, giving positive electri- 
city to the earth, and quickly assuming a negative tension, which it 
would communicate to any other body resting on it or in contact with 
it, as, for instance, a length of submarine cable. If a cable thus 
charged were afterwards removed and applied to any more electro- 
negative metal, such as platinum, or to carbon, the charge would 
return to the earth ; and it was found by measurement that the charge 
thus acquired by a cable was exactly the same as if the two metals 
had been employed simultaneously in the ordinary form of a galvanic 
c^ouple. If the mass of zinc were permanently connected with the 
non-oxidisable or less oxidisable metal, and thus with the earth, the 
tension, being constantly destroyed and as constantly renewed, would 
form a constant current, becoming in fact a voltaic couple. If the 
connection with the earth, instead of being made through another metal, 
were made through any inert conducting substance or liquid, jthe same 
constant current would be produced, thus forming the well-known case 
of a voltaic battery with one metal and two liquids. 

After the conclusion of the discourse, Mr. Clark stated, with refer- 
ence to Faraday’s discovery of specific inductive capacity, that in the 
course of some investigations conducted in conjunction with Professor 
Hughes, they had observed that every different dielectric possessed 
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its own specific law of variation of inductive capacity with respect to 
distance. With air it varied as the distance, inversely ; but with 
gutta-percha it was more nearly as the square root ; with India-rubber 
and white wax it was intermediate between the two ratios, and the 
law of variation was different with every substance tried. From 
which it would result that observers who deuced the specific inductive 
capacity of any material from experiments on half-inch plates, would 
arrive at very different results from others who operated on inch 
plates. 

[L.C.] 



Friday, April 12, 1861. 


William Robert Grove, Esq. M.A. Q.C. F.R.S. Vice-President, 

in the Chair. 

Professor Helmholtz, F.R.S. 

On the Application of the Law of the Conservation of Force to 
Orgardc Nat?ire, 

The most important progress in natural philosophy by which the 
present century is distinguished, has been the discovery of a general 
law wliich embraces and rules all the various branches of physics and 
chemistry. This law is of as much importance for the highest specula- 
tions on the nature of forces, as for immediate and practical questions 
in the construction of machines. This law at present is commonly 
known by the name of “ the principle of conservation of force.’^ It 
might be better perhaps to call it, with Mr. Rankine, “the conservation 
of energy,” because it does not relate to that which we call commonly 
intensity of force ; it does not mean that the intensity of the natural 
forces is constant ; but it relates more to the whole amouwt of power 
which can be gained by any natural process, and by which a certain 
amount of work can b§ done. For example ; if we apply this law to 
gravity, it does not mean, what is strictly and undoubtedly true, that 
the intensity of the gravity of any given body is the same as often as 
the body is brought back to the same distance from the centre of the 
earth. Or with regard to the other elementary forces of nature— for 
example, chemical force : when two chemical elements come together, 
so that they influence each other, either from a distance or by imme- 
diate contact, they will always exert the same force upon each other 
the same force both in intensity and in its direction and in its quantity. 
This other law indeed is true ; but it is not the same as the principle 
of conservation of force. We may express the meaning of the law of 
conservation of force by saying, that every force of nature when it 
effects any alteration, loses and exhausts its faculty to effect the same 
alteration a second time. But while, by every alteration in nature, that 
force which has been the cause of this alteration is exhausted, tfiere is 
always another force which gains as much power of producing new 
alterations in nature as the first has lost. Although, therefore, it is 
the nature of all inorganic forces to become exhausted by their own 
working, the power of the whole system in which thew alterations 
take place is neither exhausted nor increased in quantity, but only 



LIBRARY OF SCIENCE 


371 

changed in form. Some special examples will enable you better to 
understand this law than any general theories. We will begin with 
gravity ; that most general force, which not only exerts its influence 
over the whole universe, but which at the same time gives the means of 
moving to a ^eat number of our machines. Clocks and smaller 
machines, you know, are often set in motion by a weight The same 
is really the case with water-mills. Water-mills are driven by falling 
water ; and it is the gravity, the weight of the falling water, which 
moves the mill. Now you know that by water-mills, or by a falling 
weight, every machine can be put in motion ; and that by these motive 
powers every sort of work can be done which can be done at all by 
any machine. You see, therefore, that the weight of a heavy body, 
either solid or fluid, which descends from a higher place to a lower 
place is a motive power, and can do every sort of mechanical work. 
Now if the weight has fallen down to the earth, then it has the same 
amount of gravity, the same intensity of gravity ; but iis power to 
move, its power to work, is exhausted ; it must become again raised 
before it can work anew. In this sense, therefore, I say that the 
faculty of pryi^ducing new work is exhausted — is lost ; and this is true 
of every power of nature when this power has produced alteration. 
Hence, therefore, the faculty of producing work, of doing work, does 
not depend upon the intensity of gravity. The intensity of gravity 
may be the same, the weight may be in a higher position or in a lower 
position, but the power to work may be quite different. The power of 
a weight to work, or the amount of work which can be produced by a 
weight, is measured by the product of the height to which it is raised 
and the weight itself. Therefore our common measure is foot-pound ; 
that is, the product of the number of feet and the number of pounds. 
Now we can by the force of a falling weight raise another weight ; 
as, for example, the falling water in a water-mill may raise the weight 
of a hammer. Therefore it can be shown that the work of the raised 
hammer, expressed in foot-pounds, that is, the weight of the hammer 
multiplied by the height expressed in feet to which it is raised, that 
this amount of work cannot be greater than the product of the weight 
of water which is falling down, and the height from which it fell down. 
Now we have another form of motive power, of mechanical motive 
power ; that is, velocity. The velocity of any body in this sense, if it 
is producing work, is called vis viva, or living force, of that body. 
You will find many examples of it. Take the ball of a gun. If it is 
shot off, and has a great velocity, it has an immense power of destroy- 
ing ; and if it has lost its velocity, it is quite a harmless thing. The 
great power it has depends only on its velocity. In the same sense, 
the velocity of the air, the velocity of the wind, is motive power ; for 
it can drive windmills, and by the machinery of the windmills it can 
do every kind of mechanical work. Therefore you see that also velo- 
city in itself is a motive force. 

Take a pendulum which swings to and fro. If the pendulum is 
raised to the side, the weight is raised up ; it is a little higher than 
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when it hangs straightly down, perpendicular. Now if you let it fall, 
and it comes to its position of equilibrium, it has gained a cenain 
velocity. Therefore, at first, you had motive power in the form of a 
raised weight. If the pendulum comes again to the position of equi- 
librium, you have motive power in the form of vis viva^ in the form of 
velocity, and then the pendulum goes again to the other side, and it 
ascends again till it loses its velocity ; then again, vis viva or velocity 
is changed into elevation of the weight : so you see in every pendulum 
that the power of a raised weight can be changed into velocity, and 
the velocity into the power of a raised weight. These two are 
equivalent. 

Then take the elasticity of a bent spring. It can do work, it can 
move machines or watches. The cross-bow contains such springs. 
These springs of the watch and cross-bow are bent by the force of the 
human arm, and they become in that way reservoirs of mechanical 
power. The mechanical power which is communicated to them by the 
force of the human arm, afterwards is given out by a watch during 
the next day. It is spent by degrees to overpower the friction of the 
wheels. liy the cross-bow, the power is spent suddenly. If the 
instrument is shot off, the whole amount of force which is communi- 
cated to the spring is then again communicated to the shaft, and gives 
it a great t?is viva, 

N^)W the elasticity of air can be a motive power in the same way 
as the elasticity of solid bodies ; if air is compressed, it can move 
other bodies ; let us take the air-gun ; there the case is quite the same 
as with the cross-bow. The air is compressed by the force of the 
human arm ; it becomes a reservoir of mechanical powg ; and if it is 
shot off, the power is communicated to the ball in the form of vis viva, 
and the ball has afterwards the same mechanical power as is com- 
municated to the ball of a gun loaded with powder. 

The elasticity of compressed gases is also the motive power of 
the niightiest of our engines, the steam-engine ; but there the case is 
different. The machinery is moved by the force of the compressed 
vapours, but the vapours are not compressed by the force of the 
human arm, as in the case of the compressed air-gun. The compressed 
vapours are produced immediately in the interior of the boiler by the 
heat which is communicated to the boiler from the fuel. 

You see, therefore, that in this case the heat comes in the place 
of the force of the human arm, so that we learn by this example, that 
heat is also a motive power. This part of the subject, the equivalence 
of heat as a motive power, with mechanical power, has been that 
branch of this subject which has excited the greatest interest, and has 
been the subject of deep research. 

It may be considered as proved at present, that if heat‘ produces 
mechanical power, that is, mechanical work, a certain amouiit of heat 
is always lost. On the other hand, heat can be also produced by 
mechanical power, namely, by friction and the concussion of unelastio 
bodies. You can bring a piece of iron into a high temperature, so 
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that it becomes glowing and luminous, by only beating it continuously 
with a hammer. Now, if mechanical power is produced by heat, we 
always find that a certain amount of heat is lost ; and this is pro- 
portional to the quantity of mechanical work produced by that heat. 
We measure mechanical work by foot-pounds, and the amount of heat 
we measure by the quantity of heat which is necessary to raise the 
temperature of one pound of water by one degree, taking the centi- 
grade scale. The equivalent of heat has been determined by Mr. Joule, 
of Manchester. He found that one unit of heat, or that quantity of 
heat which is necessary for raising the temperature of a pound of water 
one degree centigrade, is equivalent to the mechanical work by which 
the same mass of water is raised to 423i metres, or 1389 English feet. 
This is the mechanical equivalent of heat. 

Hence, if we produce so much heat as is necessary for raising the 
temperature of one pound of water by one degree, then we must apply 
an amount of mechanical work equal to raising one pound of water 
1389 English feet, and lose it for gaining again that heat. 

By these considerations, it is proved, that heat cannot be a pondera- 
ble matter, bnt that it must be a motive power, because it is converted 
into motion or into mechanical power, and can be either produced by 
motion or mechanical power. Now, in the steam-engine we find that 
heat is the origin of the motive power, but the heat is produced by 
burning fuel, and therefore the origin of the motive power is to be 
found in the fuel, that is, in the chemical forces of the fuel, and in the 
oxygen with which the fuel combines. 

You see from this, that the chemical forces can produce mechanical 
work, and can be measured by the same units and by the same 
measures as any other mechanical force. We may consider the 
chemical forces as attractions, in this instance, as attraction of the 
carbon of the fuel for the oxygen of the air ; and if this attraction 
unite the tw-o bodies, it produces mechanical work just in the same 
way as the earth produces work, if it attract a heavy body. Now the 
conservation of force, of chemical force, is of great importance for 
our subject to-day, and it may be expressed in this way. Jf you have 
any quantity of chemical materials, and if you cause them to pass 
from one state into a second state, in any way, so that the amount 
of the materials at the beginning, and the amount of the materials at 
the end of this process be the same, then you will have always the 
same amount of work, of mechanical work or its equivalent, done 
during this process. Neither more nor less work can be done by the 
process. Commonly, no mechanical work in the common sense is done 
by chemical force, but usually it produces only heat ; hence the 
amount of heat produced by any chemical process must be independent 
of the way in which that chemical process goes on. The way may be 
determined by the will of the experimenter ns he likes. 

We see, therefore, that the energy of every force in nature can be 
measured by the same measure, by foot-pounds, and that the energy 
of the whole system of bodies which are not under the influence of 
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any exterior body must be constant ; that it cannot be lessened or 
increased by any change. Now the whole universe represents such a 
system of bodies endowed with different sorts of forces and of energy, 
and therefore we conclude from the facts I have brought before you, 
that the amount of working power, or the amount of energy in the 
whole system of the universe must remain the same, quite steady and 
unalterable, whatever changes may go on in the universe. If we 
accept the hypothesis of Laplace, that in the first state the universe 
was formed by a chaos of nebulous matter, spread out through infinite 
space, then we must conclude, that at this time the only form of 
energy existing in this system was the attraction of gravitation, and 
it was therefore the same sort of energy as is possessed by a raised 
weight. Afterwards, astronomers suppose, this nebulous matter was 
conglomerated and aggregated to solid masses. Great quantities of 
this nebulous matter, possibly from a great distance, fell together, and 
thus their attraction, or the energy of their attraction was destroyed, 
and hence heat must have been produced ; and the facts we know at 
present are sufficient to enable us to calculate the amount of this heat, 
that is, of the whole heat which must have been produced during the 
whole process of conglomeration. This amount of heat is immensely 
great, so that it surpasses all our ideas and all the limits of our 
imagination. If we calculate this quantity of heat, and suppose that 
the sun contained at the same time the whole heat, and that the sun 
had the same specific heat as water, the sun would be heated to twenty- 
eight millions of degrees, that is, to a temperature surpassing all 
temperatures we know on earth ; however, this temperature could not 
exist at any time in the ' sun, because the heat which was produced by 
the aggregation of the masses, must also be spent partially By radiation 
into space. I give only the result of these calculations, in order that 
you may see from it what a great amount of heat could be produced 
in this way. The same process goes on also at present in the falling stars 
and meteors which come down to the earth from planetary spaces. 
Their velocity is destroyed by the friction of the air and by the con- 
cussion with the surface of the earth, and we see how they become 
luminous, and if they are found on the earth, we find them hot. 

The sun also at present is hotter than any heated body here on the 
earth. That is shown by the latest experiments made by Professors 
Kirchhoffand Bunsen, of Heidelberg, on the spectrum of the sun, by 
which it is proved, that in the atmosphere of the sun, iron and other 
metals are contained as vapours which cannot be changed into vapours 
by any amount of heat on the earth. 

Our earth contains a great amount of energy in the form of its 
interior heat. This part of its energy produces the volcanic phenomena ; 
but it is without great influence upon the phenomena of the $urface, 
because only a very small amount of this heat comes through. It can 
be calculated that the amount of heat which goes from the interior to 
the surface cannot raise the temperature of the surface any higher 
than the thirteenth part of a degree. 
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We have another power which produces motion on the surface of 
the earth. I mean the attraction of the sun and of the moon producing 
the tides. 

All the other phenomena on the surface of the earth are produced 
by the radiation of the sun, by the sunbeams ; and the greater part of 
those changes which occur on the surface of our earth, are caused by 
the heat of the sun. As the heat of the sun is distributed unequally 
over the surface, some parts of the atmosphere become heated more 
than other parts ; the heated parts of the atmosphere rise up, and so 
winds and vapours are produced. They come down at first as clouds 
in the higher parts of the atmosphere, and then as rain upon the sur- 
face of the earth ; they are collected as rivers, and go again down into 
the sea. So you see that all the meteorological phenomena of our 
earth are produced by the effect of the solar beams by the heat of the 
sun. 

The light of the sun is the cause of another series of phenomena, 
and the principal products of the light of the sun are plants, because 
plants can only grbw with the help of the sun-light. It is only by 
the help of the sun-light, that they can produce the inflammable 
matter wliich is deposit^ in the bodies of plants, and which is extracted 
from the carbonic acid and the water contained in the atmosphere, and 
in the earth itself. 

This may give you an idea of the sense and bearing of the general 
principle on which 1 purpose to speak. As many English philosophers 
have been occupied with working out the consequences of this most 
general and important principle for the theory of heat, for the energy 
of the solar system, for the construction of machines, you will hear 
these results better explained by your own countrymen ; I shall abstain 
from entering farther into this part of the subject. At the same time 
that Mr. Grove showed that every force of nature is capable of bring- 
ing into action every other force of nature, Mr. Joule, of Manches- 
ter, began to search for the value of the mechanical equivalent of heat, 
and to prove its constancy, principally guided by the more practical 
interests of engineering. The first exposition of the general principle 
was published in Germany by Mr. Mayer, of Ileilbron, in the year 1842. 
Mr. Mayer was a medical man, and much interested in the solution of 
physiological questions, and he found out the principle of the conser- 
vation of force guided by these physiological questions. At the same 
time also, I myself began to work on this subject. I published my 
researches a little later than Mr. Mayer, in 1845. Now, at first sight, 
it seems very remarkable and curious, that even physiologists should 
come to such a law. It appears more natural, that it should be 
detected by natural philosophers or engineers, as it was in England ; 
but there is, indeed, a close connection between both the fundamental 
questions of engineering and the fundamental questions of physiology 
with the conservation of force. For getting machines into motion, it 
is always necessary to have motive-power, either in water, fuel, or 
living animal matter. The constructors of machines, inetiuments, 
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watches, within the last century, who did not know the conservation of 
force, were induced to try if they could not keep a machine in motion 
without any expenditure for getting the motive power. Many of them 
worked for a long time very industriously to find out such a machine 
which would give perpetual motion, and produce any mechanical work 
which they liked. They called such a machine a perpetual mover. 
They thought they had an example of such a machine in the body of 
every animal. There, indeed, motive-power seemed to be produced 
every day without the help of any external mechanical force. They 
were not aware that eating could be connected with tlie production of 
mechanical power. Food they believed was wanted only to restore 
the little damages in the machine, or to keep off friction, like the fat 
which made the axles of wheels to run smoothly. Now at first by the 
mathematicians of the last century, the so-called principle of the con- 
servation of vis viva was detected, and it was shown that by the action 
of the purely mechanical powers, it was not possible to construct a 
perpetual mover ; but it remain^ still doubtful if it would not be 
possible to do so by the interposition of heat, or electricity, or chemical 
force. At last, the general law of conservation of force was dis- 
covered, and stated, and established ; and this law shows that also by 
the connection of mechanical powers with heat, with electricity, or with 
chemical force, no such machine can be constructed to give a per- 
petual motion, and to produce work from nothing. 

We must consider the living bodies under the same point of view, 
and see how it stands with them. Now if you compare the living 
body with a steam-engine, then you have the completest analogy. 
The living animals take in food that consists of inflammable sub- 
stances, fat and tlie so-called hydrocarbons, as starch an(t sugar, and 
nitrogenous substances, as albumen, flesh, cheese, and so on. Living 
animals take in these .inflammable substances and oxygen ; the oxygen 
of the air, by respiration. Therefore, if you take, in the place of fat, 
starch, and sugar, coals or wood, and the oxygen of the air, you have 
the substances in the steam-engine. The living bodies give out car- 
bonic acid and water ; and then if we neglect very small quantities of 
more complicated matters w^hich are too small to be reckoned here, 
they give up their nitrogen in the form of urea. Now let us suppose 
that we take an animal on one day, and on any day afterwards; 
and let us suppose that this animal is of the same weight the first day 
and the second day, and that its body is composed quite in the same 
way on both days. During the time — the interval of time — between 
these two days the animal has taken in food and oxygen, and has given 
out carbonic acid, water, and urea. Therefore, a certain quantity of 
inflammable substance, of nutriment, has combined with oxygen, and 
has produced nearly the same .substances, the same combinations, 
which would be produced by burning the food in an open fire, at least, 
fat, sugar, starch, and so on ; and those substances which contained 
no nitrogen would give us quite in the same way carbonic acid and 
water, if they are burnt in the open fire, as if they are burnt in the 
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living body ; only the oxidation in the living body goes on more slowly. 
The albuminous substances would give us the same substances, and 
also nitrogen, as if they were burnt in the fire. You may suppose, for 
making both cases equal, that the amount of urea which is produced 
in the body of the animal, may be changed without any very great 
development of heat, into carbonate of ammonia, and carbonate of 
ammonia may be burnt, and gives nitrogen, water, and carbonic acid. 
The amount of heat which would be produced by burning urea into 
carbonic acid and nitrogen, would be of no great value when compared 
with the great quantity of heat which is produced by burning the fat, 
the sugar, and the starch. Therefore we can change a certain amount 
of food into carbonic acid, water, and nitrogen, either by burning the 
whole in the open fire, or by giving it to living animals as food, and 
burning afterwards only the urea. In both cases we come to the 
same result. 

Now 1 have said that the conservation of force for chemical pro- 
cesses requires a fixed amount of mechanical work, or its equivalent, to 
be given out during this process ; and the amount is exactly the same 
in whatever way the process may go on. And therefore we must 
conclude iJiat by the animal as much work must be done, must be 
given out — the same equivalent of mechanical work — as by the 
chemical process of burning Now let us remark that the mechanical 
work which is spent by an animal, and which is given to the external 
world, consists, firstly, in heat ; and secortdly, in real mechanical work. 
We have no other forms of work, or of equivalent of work, given out 
by living animals. If the animal is reposing, then the whole work 
must be given out in the form of heat ; and therefore we must conclude 
that a reposing animal must produce as much heat as would be pro- 
duced by burning its food. A small difference would remain for the 
urea ; we must suppose that the urea produced by the animal is also 
burnt, and taken together with the heat immediately produced by the 
animal itself. Now we have experiments made upon this subject by 
the French philosophers Dulong and Desprez. They found that these 
two quantities of heat— the one emitted by burning, the other by the 
living animal — are nearly identical ; at least, so far as could be esta- 
blished at that time, and with those previous researches which existed 
at that time. The heat which is produced by burning the materials of the 
food is not quite known even now. We want to have researches on the 
heat produced by the more complicated combinations which are used as 
food. Dulong and Desprez have calculated the heat according to the 
theoretical supposition of Lavoisier — which supposition is nearly right, 
but not quite right — therefore there is a little doubt as to the amount 
of the heat, but experiments show that at least to the tenth part of that 
heat the quantities are really equal ; and we may hope if we have 
better researches on the heat produced by bu^^oing the food, that these 
quantities will also be more equal than they were found to be by 
Dulong and Desprez. 

Now if the body be not reposing, but if muscular exertion take 
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place, then also mechanical work is done. The mechanical work is 
very different according to the different kinds of muscular exertion. 
If we walk only on a plane surface, we must overpower the resistance 
of friction and the resistance of the air ; but these resistances are not 
so great that the work which we do by walking on a plane is of 
great amount. Our muscles can do work in very different ways. By 
the researches of Mr. Redtenbacher, the director of the Polytechnic 
School of Carlsruhe, it is proved that the best method of getting the 
greatest amount of work from a human body is by the treadmill, that 
is, by going up a declivity. If we go up the declivity of a hill we 
raise the weight of our own body. In the treadmill the same work is 
done, only the mill goes always down, and the man on the mill remains 
in his place. 

Now we have researches on the amount of air which is taken in 
and of carbonic acid given out during such work in the treadmill, 
made by Dr. Edward Smith. He found that a most astonishing 
increase of respiration takes place during such work. Now you all 
know that if you go up a hill you are hindered in going too fast by the 
great frequency and the great difficulty of respiration. This, then, 
becomes far greater than by the greatest exertion of walking on a 
plain, and really the difficulty is produced by the great mechanical 
work which is done in the same time. Now, partly from the experi- 
ments of Dulong and Desprez, and partly from the experiments of 
Dr. Edward Smith, we can calculate that the human body, if it be in a 
reposing state, but not sleeping, consumes so much oxygen, and burns 
so much carbon and hydrogen, that during one hour so much heat is 
produced that the whole body, or a weight of water equal to the weight 
of the body, would be raised in temperature one degTbe and two- 
tenths centigrade (two degrees and two-tenths Fahrenheit). Now 
Dr. Edward Smith found that by going in the treadmill at such a rate 
that if he went up a hill at the same rate, he would have risen during 
one hour 1712 feet, that during such a motion he exhaled five times 
as much carbonic acid as in the quiet state, and ten times as much as 
in sleeping. Therefore the amount of respiration was increased in a 
most remarkable way. If we now calculate these numbers we find that 
the quantity of heat which is produced during one hour of repose is one 
degree and two-tenths centigrade, and that these are nearly equivalent 
to rising 1712 feet, so that therefore the amount of mechanical work 
done in a treadmill, or done in ascending a hill at a good rate, is equi- 
valent to the whole amount of heat which is produced in a quiescent 
state. The whole amount of the decomposition in the living body is 
five times as great as in a reposing and wakeful state. Of these five 
quantities, one quantity is spent for mechanical work, and fcur-fifths 
remain in the form of heat. Always in ascending a hill, or: in doing 
great mechanical work, you become hot, and the production Of heat is 
extremely great, as you well know, witliout making particuladr experi- 
ments. Hence you see how much the decomposition in the body is 
increased by doing really mechanical work. 
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Now these measurements give us another analogy. We see that in 
ascending a mountain we produce^heat and mechanical work, and that 
the fifth part of the equivalent of the work which is produced by the 
chemical process is really gained as mechanical work. Now if we take 
our steam-engine, or a hot-air engine, or any other engine which is 
driven by heat in such a way that one body is heated and expands, 
and by the expansion other ladies are moved, — I say, if we take any 
thermo-dynamic engine, we find that the greatest amount of mechanical 
work which can be gained by chemical decomposition or chemical com- 
bination is only an eighth part of the equivalent of the chemical force, 
and seven-eighths of the whole are lost in the form of heat ; and this 
amount of mechanical work can only be gained if we have the greatest 
difference of temperature which can be produced in such a machine. 
In the living body we have no great difference of temperature ; and in 
the living body the amount of mechanical work which could be gained 
if the living body were a thermo-dynamic engine, like the «team-engine 
or the hot-air engine, would be much smaller than one-eighth. Really, 
we find from the great amount of work done, that the human body is 
in this waw :? better machine than the steam-engine, only its fuel is 
more expensive than the fuel of steam-engines. 

There is another machine which changes chemical force into 
mechanical power; that is, the magneto-electric machine. By these 
magneto-electric machines a greater amount of electrical power can be 
changed into mechanical work than in our artificial thermo-dynamic 
machines. We produce an electric current by dissolving zinc in 
sulphuric acid, and liberating another oxidizable matter. Generally it 
is only the difference of the attraction of zinc for oxygen compared 
with the attraction of copper or nitrous acid for oxygen. In the 
human body we burn substances which contain carbon and hydrogen, 
and therefore the whole amount of attraction of carbon and hydrogen 
for oxygen is put into action to move the machine ; and in this way 
the power of the living body is greater and more advantageous than 
the power of the magneto-electric machine. 

Let us now consider what consequences must be drawn when we 
find that the laws of animal life agree with the law of the conservation 
of force, at least as far as we can judge at present regarding this sub- 
ject. As yet we cannot prove that the work produced by living bodies 
is an exact equivalent of the chemical forces wliich have been set into 
action. It is not yet possible to determine the exact value of either 
of these quantities so accurately as will be done ultimately ; but we 
may hope that at no distant time it may be possible to determine 
this with greater accuracy. There is no difficulty opposed to this task. 
Even at present I think we may consider it as extremely probable that 
the law of the conservation of force holds good for living bodies. 

Now we may ask, what follows from this fact as regards the 
nature of the forces which act in the living body ? 

The majority of the physiologists in the last century, and in the 
beginning of this century, were of opinion that the processes in living 
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bodies were determined by one principal agent which they chose to 
call the vital principle,” The physical forces in the living body they 
supposed could be suspended or again set free at any moment, by the 
influence of the vital principle; and that by this means this agent 
could produce changes in the interior of the body, so that the health of 
the body would be thereby preserved or restored. 

Now the conservation of force can exist only in tliose systems in 
which the forces in action (like all forces of inorganic nature) have 
always the same intensity and direction if tlie circumstances under 
which tliey act are the same. If it were possible to deprive any body 
of its gravity, and afterwards to restore its gravity, then indeed we 
should have the perpetual motion. Let the weight come down as 
long as it is heavy ; let it rise if its gravity is lost ; then you have 
produced mechanical work from nothing. Therefore this opinion 
that the chemical or mechanical power of the elements can be sus- 
pended, or changed, or removed in the interior of the living body, 
must be given up if there is complete conservation of force. 

There may be other agents acting in the living body, than those 
agents which act in the inorganic world ; but those forces, as far as they 
cause chemical and mechanical influences in the body, njust be quite of 
the same character as inorganic forces, in this at least, that their effects 
must be ruled by necessity, and must be always the same, when acting 
in the same conditions, and that there cannot exist any arbitrary choice 
in the direction of their actions. 

This is that fundamental principle of physiology which I men- 
tioned in the beginning of this discourse. 

Still at the beginning of this century physiologists bebeved that it 
was the vital principle which caused the processes of life, and that 
it detracted from the dignity and nature of life, if anybody exj>resscd 
his belief that the 'blood was driven through the vessels by the 
mechanical action of the heart, or that respiration took place accord- 
ing to the common laws of the diffusion of gases. 

The present generation, on the contrary, is hard at w'ork to find 
out the real causes of the processes which go on in the living body. 
They do not suppose that there is any other difference between the 
chemical and the mechanical actions in the living body, and out of it, 
than can be explained by the more complicated circumstances and 
conditions under which these actions take place ; and we have seen 
that the law of the conservation of force legitimizes this supposition. 
This law, moreover, shows the way in which this fundamental question, 
which has excited so many theoretical speculations, can be really and 
completely solved by experiment. 
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On (he Physical Basis of Sohtr Chemistry. 

Omitting all preface, the speaker drew attention to an experimental 
arrangement intended to prove that gaseous bodies radiate heat in 
different degrees. Behind a double screen of polislied tin was placed 
an ordinary ring gas-burner ; on this was placed a hot copper ball, 
from which a column of heated air ascended : behind the screen, but 
so placed that no ray from the ball could reach the instrument, was 
an excellent thermo-electric pile, connected by wires with a very 
delicate galvanometer. Tlie thermo-electric t>ile was known to be an 
instrument whereby heat was applied to the generation of electric 
currents ; the strength of the current being an accurate measure of 
the quantity of the heat. As long as both faces of the pile were at 
the same temperature, no current was produced ; but the slightest 
difference in the temperature of the two faces at once declared itself 
by the production of a current, which, when carried through the gal- 
vanometer, indicated by the deflection of the needle both its strength 
and its direction. 

The two faces of the pile were in the first instance brought to the 
same temperature ; the equilibrium being shown by the needle of the 
galvanometer standing at zero. The rays emitted by the current of 
hot air already referred to were permitted to fall upon one of the 
faces of the pile; and an extremely slight movement of the needle 
showed that the radiation from the hot air, though sensible, was 
extremely feeble. Connected with the ring-burner was a holder con- 
taining oxygen gas ; and by turning a cock, a stream of this gas was 
permitted to issue from the burner, strike the copi)er ball, and ascend 
in a heated column in front of the pile. The result was, that oxygen 
showed itself, as a radiator of heat, to be quite as feeble as atmo- 
spheric air. 

A second holder containing olefiant gas was also connected by 
its own system of tubes with the ring-burner. Oxygen had already 
flowed over the ball and cooled it in some degree. Hence, as a 
radiator in comparison with oxygen, the olefiant gas laboured under a 
disadvantage,^ It was purposely arranged that this should be the 
case ; so that if, notwit listauding its being less hot, the olefiant gas 
showed itself a better radiator, its claim to superiority in this respect 
would be decisively proved. On permitting the gas to issue upwards, 
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it cast an amount of heat against the adjacent lace of the pile sufficient 
to impel the needle of the galvanometer almost to its stops at 90®. 
This experiment proved the vast difference between two equally 
transparent gases with regard to their power of emitting radiant heat. 

The converse experiment was now performed. The thermo-electric 
pile was removed and placed between two cubes fi*llcd with water kept in 
a state of constant ebullition ; audit was so arranged tluit the quantities 
of heat falling from the cubes on the opposite faces of the pile were 
exactly equal, thus neutralizing each other. The needle of the 
galvanometer being at zero, a sheet of oxygen gas was caused to issue 
from a slit between one of the cubes and the adjacent face of the pile. 
If this sheet of gas possessed any sensible power of intercepting the 
thermal rays from the cube, one face of the pile being deprived of the 
heat thus intercepted, a difference of temperature between its two 
faces would instantly set in, and the result would be declared by the 
galvanometer. The quantity absorbed by the oxygen under those 
circumstances was too feeble to affect the galvanometer ; the gas, in 
fact, proved sensibly transparent to the rays of heat. It had but a 
feeble power of radiation : it had an equally feeble power of absorp- 
tion. 

The pile remaining in its position, a sheet of olefiant gas was 
caused to issue from the same slit as that through which the oxygen 
had passed. Ko one present could see the gas ; it was quite invisible, 
the light went through it as freely as through oxygen or air; but its 
effect upon the thermal rays emanating from the cube, was what 
might be expected from a sheet of metal. A quantity so large was 
cut off, that the needle of the galvanometer, promptly quitting the zero 
line, moved with energy to its stops : thus the oleHant gas, so light 
and clear and pervious to luminous rays, was a niost potent destroyer 
of tlie rays emanating from an obscure source. Tlie reciprocity of 
action established in the case of oxygen conies out liere ; the good 
radiator is found by this experiment to be the good absorber. 

This result, which was exhibited before a public audience this 
evening for the first time, was typical of what had been obtained with 
gases generally. Going through the entire list of gases and vajiours 
in this way, we should find radiation and absorption to be as rigidly 
associated as positive and negative in electricity, or as north and south 
jwlarity in magnetism. The gas which, when heated, is most competent 
to generate a calorific ray, is precisely that which is most competent 
to stop such a pay. If the radiation be high, the absorption is higli ; 
if the radiation be moderate, the absorption is moderate ; if the 
radiation be low, the absorption is low ; so that if we niAkc the 
number which expresses the absorptive power the numerator of a frac- 
tion, and that which expresses its radiative power, the denoitiinator, 
the result would be, that, on account of the numerator and denominator 
valuing in the same proportion, the value of that fraction would 
always remain the same, whatever might lie the gas or vapour ex- 
perimented with. 



LIBRARY OF SCIENCE 


383 

But why should this reciprocity exist ? What is the meaning of 
absorption? what is the meaning of radiation? When you cast a 
stone into still water, rings of waves surround the place where it fulls ; 
motion is radiated on all sides from the centre of disturbance. AVheii 
the hammer strikes a bell, the latter vibrates ; and sound, which is 
nothing more than an undulatory motion of the air, is radiated in all 
directions. Modern philosophy reduces light and heat to the same me- 
chanical category. A luminous body is one with its particles in a state 
of vibration ; a hot body is one with its panicles also vibrating, but at 
a rate which is incompetent to excite the sense of vision ; and, as a 
sounding body has the air around it, through which it propagates its 
vibrations, so also the luminous or heated body has a medium, called 
ether, which accepts its motions and carries them forward with incon- 
ceivable velocity. Radiation, then, as regards both light and heat, 
is the transference of motion from the vibratmg body to the ether in 
which it swings : and, as in the case of sound, the motion imparted 
to the air is soon transferred to the surrounding objects, against which 
the aerial undulations strike, the sound being, in technical language, 
absorbed; so also with regard to light and heat, absorption consists in 
the transfh'ence of motion from the agitated ether to the particles of the 
absorbing body. 

The simple atoms are found to be bad radiators ; the compound 
atoms good ones: and the higher the degree of complexity in the 
atomic grouping, the more potent, as a general rule, is the radiation 
and absorption. Let us get definite ideas here, however gross, and 
purify them afterwards by the process of abstraction. Imagine our 
simple atoms swinging like single spheres in the ether ; they cannot 
create the swell which a group of them united to form a system can 
produce. An oar runs freely edgeways through the water, and im- 
parts far less of its motion to the water than when its broad flat side 
is brought to bear upon it. In our present language the oar, broad 
side vertical, is a good radiator ; broad side horizontal, it is a bad 
radiator. Conversely the waves of water, impinging upon the flat 
face of the oar-blade, will impart a greater amount of motion to it 
than when impinging upon the edge. In the position in which the 
oar radiates well, it also absorbs well. Simple atoms glide through 
the ether without much resistance ; compound ones encounter this, and 
yield up more speedily their motion to the ether. Mix oxygen and 
nitrogen mechanically, they absorb and radiate a certain amount. 
Cause these gases to combine chemically and form nitrous oxide, both 
the absorption and radiation are thereby augmented 250 times ! 

In this way we look with the telescope of the intellect into atomic 
systems, and obtain a conception of processes which the eye of sense 
can never reach. But gases and vapours possess a power of choice 
as to the rays which they absorb. They siiij;le out certain groups of 
rays for destruction, and allow other groups to pass unharmed. This 
is best illustrated by a famous experiment of Sir David, Brewster’s, 
modified to suit the requirements of the present discourse. Into a 
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glass cylinder, with its ends stopped by discs of plate-glass, a small 
quantity of nitrous acid gas was introduced ; the presence of the gas 
being indicated by its rich brown colour. The beam from an electric 
lamp being sent through two prisms of bisulphide of carbon, a 
spectrum seven feet long and eighteen inches wide was cast upon a 
screen. Introducing the cylinder containing the nitrous acid into the 
path of the beam as it issued from the lamp, the splendid and con- 
tinuous spectrum became instantly furrowed by numerous dark bands, 
the rays answering to which were struck down by the nitric gas, while 
it permitted the light which fell upon the intervening spaces to pass 
with comparative impunity. 

Here also the principle of reciprocity, as regards radiation and 
absorption, holds good ; and could we, without otherwise altering its 
physical character, render that nitrous gas luminous, we should find 
that the very rays which it absorbs are precisely tliose which it would 
emit. When atmospheric air and other gases are brought to a state 
of intense incandescence by the passage of an electric spark, the 
spectra which we obtain from them consist of a series of bright bands. 
But such spectra are produced with the greatest brilliancy, when, 
instead of ordinary gases, we make use of metals heated so highly as 
to volatilize them. This is easily done by the voltaic cu*rent. A 
capsule of carbon was filled with mercury, which formed the positive 
electrode of the electric lamp ; a carbon point was brought down upon 
this ; and on separating one from the other, a brilliant arc containing 
the mercury in a volatilized condition passed between them. The 
spectrum of this arc was not continuous like that from the solid carbon 
points, but consisted of a series of vivid bands, each (;orresponding 
in colour to that particular portion of the spectrum to which its rays 
belonged. Copper gave its system of bands ; zinc gave its system ; 
and brass, which is 'an alloy of copper and zinc, gave a splendid 
spectrum made up of the bands belonging to both metals. 

Not only, however, when metals are united like zinc and copper 
to form an ailoy, is it possible to obtain the bands which belonged to 
them. No matter how we may disguise the metal — allowing it to 
unite with oxygen to form an oxide, and this again with an acid to 
form a salt ; if the heat applied be sufficiently intense, the batids 
belonging to the metal reveal themselves with perfect definition. 
Holes were drilled in a cylinder of retort carbon, and these being 
filled with pure culinary salt, the carbon was made the positive elec- 
trode of the lamp : the resultant spectrum showed the brilliant yellow 
lines of the metal sodium. Similar experiments were made with the 
chlorides of strontium, calcium, lithium,* and other metals ; each 
salt gave the bands due to the metal. Different salts were theii mixed 
together, and rammed into the holes in the carbon ; a spectrum was 
obtained which contained the bands of them all. 


* The vividness of the colours of the lithium spectrum is extraordinary : it 
contained a blue band of indescribable splendour. It was thought by many, 
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The position of these bright bands never varies, and each metal 
has its own system. Hence the competent observer can infer from the 
bands of the spectrum the metals which produce it. It is a language 
addressed to the eye instead of the ear ; and the certainty would not be 
augmented if each metal possessed the power of audibly calling out, 
“I am here!’* Nor is this language affected by distance. If we 
find that the sun or the stars give us the bands of our terrestrial 
metals, it a ^leelaration on the part of these orbs that such metals 
enter into ibeir composition. Does the sun give us any sueh inti- 
mation ? Does the solar spectrum exhibit bright lines which we 
might compare with those produced by our terrestrial metals, and 
prove either their identity or difference ? No. The solar spectrum, 
when closely examined, gives us a multitude of fine dark lines instead 
of bright ones. They were first noticed by Dr. Wollaston, were 
investigated with profound skill by Fraunhofer, and named from him 
Fraunhofer’s lines. They have been long a standing puzzle to 
philosophers. The bright lines which the metals give us have been 
also known to us for years ; but the connection between both classes 
of phenomena was wholly unknown, until Kirchhoff, with admirable 
acuteness, repealed the secret, and placed it at the same time in our 
power to chemically analyze the sun. 

We have now some hard work before us ; hitherto we have been 
delighted by objects which addressed themselves rather to our aesthetic 
taste than to our scientific faculty. We have ridden pleasantly to 
the base of the final cone of Etna, and must now dismount and march 
wearily through ashes and lava, if we would enjoy the prospect from 
the summit. Our problem is to connect the dark lines of Fraunhofer 
with the bright ones of the metals. The white beam of the lamp is 
refracted in passing through our two prisms, but its different compo- 
nents are refracted in different degrees, and thus its colours are drawn 
apart. Now the colour depends solely upon the rate of oscillation of 
the particles of the luminous body ; red light being produccvi by one 
rate, blue light by a much quicker rate, and the colours be' ween red 
and blue by the intermediate rates. The solid incandescent coal-points 
give us a continuous spectrum ; or in other words they vinit rays of 
all possible periods between the two extremes of the spectrum. They 
have particles oscillating so as to produce red ; others, to produce orange ; 
others, to produce yellow, green, blue, indigo, and violet respectively. 
Colour, as many of you know, is to light what pitch is to sound. 
When a violin-player presses his finger on a string he makes it shorter 
and tighter, and thus, causing it to vibrate more speedily, augments the 
pitch. Imagine such a player to move his finger slowly along the 
string, shortening it gradually as he draws his bow, the note would rise 
in pitch by a regular gradation ; there would be no gap intervening 

during the discourse, that 1 had mistaken strontium lor lithium, as this blue baud 
had never before been seen. I have obtained it many times since ; and my friend 
Dr. Miller, having kindly analyzed the substance made use of, pronounces it 
chloride of lithium.— J. T. 
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between note and note. Here we have the analogue to the continuous 
spectrum, whose colours insensibly blend together without gap or 
interruption, from the red of the lowest pitch to the violet of the 
highest. But suppose the player, instead of gradually shortening his 
string, to press his finger on a certain point, and to sound the corre- 
sponding note ; then to pass on to another point more or less distant, 
and sound its note ; then to another, and so on, thus sounding particular 
notes separated from each other by gaps which correspond to the 
intervals of the string passed over ; we should then have the exact 
analogue of a spectrum composed of separate bright bands with 
intervals of darkness between them. But this, though a perfectly true 
and intelligible analogy, is not sufficient for our purpose ; we must look 
with the mind’s eye at the very oscillating atoms of the volatilized 
metal. Figure these atoms connected by springs of a certain tension, and 
which, if the atoms are squeezed, together push them asunder, or if the 
atoms are drawn apart, pull them together, causing them, before coming 
to rest, to quiver at a certain definite rate determined by the strength 
of the spring. Now the volatilized metal which gives us one bright 
band is to be figured as having its atoms united by springs all of the 
same tension, its vibrations are all of one kind. The metal which gives 
us two bands may be figured as having some of its atoms united by 
springs of one tension, and others by a second series of springs of a 
different tension. Its vibrations are of two distinct kinds ; so also when 
we have three or more bands, we are to figure as many distinct sets of 
springs, each set capable of vibrating in its own particular time and at 
a different rate from the other. If we seize this idea definitely, we shall 
have no difficulty in dropping the metaphor of springs, and substituting 
for it mentally the forces by which the atoms act upon each other. 
Having thus far cleared our way, let us make another effort to advance. 

Here is a pendulum, — a heavy ivory ball suspended from a string. 
I blow against this ball ; a single puff of my breath moves it a little 
way from its position of rest ; it swings back towards me, and when 
it reaches tlie limit of its swing I puff again. It now swings further ; 
and thus by timing my puffs I can so accumulate their action as to 
produce oscillations of large amplitude. The ivory ball here has 
absorbed the motions which my breath communicated to the air. I 
now bring the ball to rest. Suppose, instead of my breath, a wave of 
air to strike against it, and that this wave is followed by a series of 
others which succeed each other exactly in the same intervals as my 
puffs ; it is perfectly manifest that these waves would communicate 
their motion to the b^l and cause it to swing as the puffs did. And 
it is equally manifest that this would not be the case if the Impulses of 
the waves were not properly timed ; for then the motion i|nparted to 
the pendulum by one wave would be neutralized by another, and there 
could not be that accumulation of effect which we have when the 
periods of the waves correspond with the periods of the pendulum. 
So much for the kind of impulses absorbed by the pendulum. But such 
a pendulum set oscillating in air produces waves in the air ; and we 
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see that tlie waves which it produces must be of the same p>eriod as 
those whose motions it would take up or absorb most copiously if they 
struck against it. Just in passing I may remark, that if the periods of 
the waves be double, treble, quadruple, &c., the periods of the pendulum, 
the shocks imparted to the latter would also be so timed as to produce 
an accumulation of motion. 

Perhaps the most curious effect of these timed impulses ever 
described was that observed by a watchmaker, named Ellicott, in the 
year 1741. lie set two clocks leaning against the same rail; one of 
them, which we may call A, was set going ; the other, B, not. Some 
time afterwards he found, to his surprise, that B was ticking also. The 
pendulums being of the same length the shocks imparted by the tick- 
ing of A to the rail against which both clocks rested were propagated 
to B, and were so timed as to set B going. (3ther curious effects were 
at the same time observed. When the pendulums differed from each 
other a certain amount, A set B going, but the re-action of B stopped 
A. Then B set A going, and the re-action of A stopped H. If the 
periods of oscillation were close to each other, but still not quite alike, 
the clocks mutually controlled each other, and by a kind of mutual 
compromise' l^ioy ticked in perfect unison. 

But what has all this to do with our present subject ? They are 
mechanically identical. The varied actions of the universe are all 
modes of motion ; and the vibration of a ray claims strict brotherhood 
with the vibrations of our pendulum. Suppose ethereal waves striking 
upon atoms which oscillate in the same periods as the waves succeed 
each other, the motion of the waves will be absorbed by the atoms ; 
suppose we send our beam of white light through a sodium Bame, the 
particles of that flame will be chiefly affected by those undulations 
which are synchronous with their own periods of vibration. There will 
be on the part of those particular rays a transference of motion from 
the agitated ether to the atoms of the volatilized sodium, which, as 
already defined, is absorption. We use glass screens to defend us 
from the heat of our fires ; how do they act ? Thus : — The heat ema- 
nating from the fire is for the most part due to radiations which are 
incompetent to excite the sense of vision ; we call these r'lys obscure. 
Glass, though pervious to the luminous rays, is opaque in a high degree 
to those obscure rays, and cuts them off, while the cheerful light of the 
fire is allowed to pass. Now mark roe clearly. The heat cut off from 
your person is to be found in the glass, the latter becomes heated and 
radiates towards your person ; what then is the use of the glass if it 
merely thus acts as a temporary halting-place for the rays, ‘and sends 
them on afterwards. It does this; — It not only sends the heat it 
receives towards you, but scattem it also in all other directions round 
the room. Thus the rays which, were the glass not interposed, would 
be shot directly against your person, are fo^- the roost part diverted 
from their original direction, and you are preserved from their impact. 

Now for our experiment. I pass the beam from the electric lamp 
through the two prisms, and the spectrum spreads its colours upon the 
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screen. Between the lamp and the prism 1 interpose this snapdragon 
light. Alcohol and water are here mixed up with a quantity of common 
salt, and the metal dish that contains them is heated by a spirit-lamp. 
The vapour from the mixture ignites and we have this monochromatic 
flame. Through this flame the beam from the lamp is now passing ; 
and observe the result upon the spectrum. You see a dark band cut 
out of the yellow, — not very dark, but sufficiently so to be seen by 
everybody present. Observe how the band quivers and varies in shade 
as the amount of yellow light cut off by the unsteady flame varies in 
amount. The flame of this monochromatic lamp is at the present 
moment casting its proper yellow light upon that shaded line ; and 
more than this, it casts, in part, the light which it absorbs from the 
electric lamp upon it ; but it scatters the greater portion of this light 
in other directions, and thus withdraws it from its place upon the 
screen, as the glass, in the case above supposed, diverted the heat of 
the fire from your person. Hence the band appears dark ; not abso- 
lutely, but dark in comparison with the adjacent brilliant portions of 
the spectrum. 

But let me exalt this effect. I place in front of the electric lamp 
the intense flame of a large Bunsen’s burner. I have here a platinum 
capsule into which I put a bit of sodium less than a pea in magnitude. 
The sodium placed in the flame soon volatilizes and burns with bril- 
liant incandescence. Observe the spectrum. The yellow band is 
clearly and sharply cut out, and a band of intense obscurity occupies 
its place. I withdraw the sodium, the brilliant yellow of the spectrum 
takes its proper place : I reintroduce the sodium and the black band 
appears. 

Let me be more precise; — The yellow colour oPlhe spectrum 
extends over a sensible space, blending on one side into orange and on 
the other into green.* The terra yellow band ” is therefore somewhat 
indefinite. I want to show you that it is the precise yellow band 
emitted by the volatilized sodium which the same substance absorbs. 
By dipping the coal-point used for the positive electrode into a solu- 
tion of common salt, and replacing it in the lamp, 1 obtain that bright 
yellow band which you now see drawn across the spectrum. Observe 
the fate of that band when I interpose my sodium light. It is first 
obliterated, and instantly that black streak occupies its place. See 
how it alternately flashes and vanishes as 1 withdraw and introduce 
the sodium flame I 

And supposing that instead of the flame of sodium alone, I intro- 
duce into the path of the beam a flame in which lithium, strontium, 
magnesium, calcium, &c., are in a state of volatilization, each metallic 
vapour would cut out its own system of bands, each corresponding 
exactly in position with the bright band which that metal itself would 
cast upon the screen. The light of our electric lamp theft shining 
through such a composite flame would give us a spectrum oqt up by 
dark lines, exactly as the solar spectrum is cut up by the lines of 
Fraunhofer. 
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And hence we infer the constitution of the great centre of our 
system. The sun consists of a nucleus which is surrounded by a 
flaming atmosphere. The light of the nucleus would give us a con- 
tinuous spectrum, as our common coal-points did ; but having to pass 
through the photosphere, as our beam through the flame, those rays of 
the nucleus which the photosphere can itself emit are absorbed, and 
shaded spaces, corresponding to the particular rays absorbed, occur in 
the spectrum. Abolish the solar nucleus, and we should have a 
spectrum showing a bright band in the place of every dark line of 
Fraunhofer. These lines are therefore not absolutely dark, but dark 
by an amount corresponding to the difference between the light of the 
nucleus intercepted by the photosphere, and the light which issues from 
the latter. 

The man to whom we owe this beautiful generalization is Kirchhoff, 
Professor of Natural Philosophy in the university of Heidelberg ; 
but, like every other great discovery, it is compounded of various 
elements. Mr. Talbot observed the bright lines in the spectra of 
coloured flames. Sixteen years ago Dr. JMiller gave drawings and de- 
scriptions of the spectra of various coloured flames. Wheatstone, with 
his accustt^med ingenuity, analyzed the light of the electric spark, and 
showed that the metals between which the spark passed determined the 
bright bands in the spectrum of the spark. Masson published a prize 
essay on these bands ; Van der Willigen, and more recently Pliicker, 
have given us beautiful drawings of the spectra, obtained from the 
discharge of Ruhmkorff’s coil. But none of these distinguished men 
betray^ the least knowledge of the connection between the bright 
bands of the metals and the dark lines of the solar spectrum. The 
man who came nearest to the philosophy of the subject, was Angstrom. 
In a paper translated from Poggendorff 's “ Annalen ” by myself, and 
published in the “Philosophical Magazine” for 1855, he indicates that 
the rays which a body absorbs are precisely those which it can emit 
when rendered luminous. In another place, he speaks of one of his 
spectra giving the general impression of reversal of the solar spectrum. 
Foucault, Stokes, and Thomson, have all been very close to the dis- 
covery ; and, for my own part, the examination of the radiation and 
absorption of heat by gases and vapours, some of the results of which 
I placed before you at the commencement of this discourse, would 
have led me in 1859 to the law on which all Kirchhoff’s speculations 
are founded, had not an accident withdrawn me from the investigation. 
But KirchhoiTs claims are unaffected by these circumstances. True, 
much that I have referred to formed the necessary basis of his dis- 
covery ; so did the laws of Kepler furnish to Newton the basis of the 
theory of gravitation. But what Kirchhoff has done carries us far 
beyond all that had before been accomplished. He has introduced the 
order of law amid a vast assemblage of empirical observations, and 
has ennobled our previous knowledge by showing its relationship to 
some of the most sublime of natural phenomena. 


[J. T.] 
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PBorxaaoH of natural philosophy at the rotal institution. 

On the Absorption and Radiation of Heat by Gaseous Matter, 

Resuming with a new apparatus his experiments on the influence of 
Chemical Combination on the Absorption and Radiation of Heat by 
Gases, the speaker, in the investigation of which the evening’s dis* 
course would be a r^sum^^ first examines the deportment of chlorine 
as compared with hydrochloric acid, and of bromine as compared 
with hydrobroniic acid, and finds that the act of combination which 
in each of these two cases notably diminishes the density of the gas 
and renders the coloured gas perfectly transparent to light, renders it 
more opaque for obscure heat. He also draws attention to the fact 
that sulphur, which is partially opaque to light, is transparent to 54 
per cent, of the rays issuing from a source of 100 C, while its com- 
pound, heavy spar, which is sensibly transparent to light, is quite 
opaque to the rays from a source of 100 C. He demonstrates, in 
confirmation of Melloni, the transparency of lampblack in thin layers ; 
but shows how irreconcilable its deportment to radiant heat is with 
ifye idea generally prevalent at the present day, that lampblack ab- 
sorbs heat of all kinds with the same intensity. 

All his experiments with gases have been repeated with a different 
source of heat, and he finds the result still more pronounced than 
formerly, that the compound gases far transcend the elementary ones 
in absorptive power. Taking air as unity, ammonia, at 30 inches 
tension, is 1195, this latter figure representing all the heat that issued 
from the source. A layer of ammonia, 3 feet long, is perfectly black 
to heat emanating from an obscure source. The coloured gases, 
chlorine and bromine, though much superior in absorptive power to 
the transparent elementary gases, are exceeded in this respect by 
every compound gas that has been hitherto examined. When, instead 
of tensions of 30 inches, we compare tensions of 1 inch, the differences 
between the gases come out still more strikingly. At this tension, 
for example, the absorption of sulphurous acid is eight thousand times 
that of air. 

The speaker also referred to a new and extensive series of ex- 
periments on the Absorption of Radiant Heat by Vapours. The least 
energetic, as before, he finds to be bisulphide of carbon ; the most 
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energetic, boracic ether. He shows that the absorption of the latter 
vapour (which is quite transparent) at O'l of an inch of tension 
is 600 times the absorption of the densely coloured vapour of bromine, 
while in all probability it is 186,000 times that of air. 

The speaker was led by a series of perplexing experiments, which 
are fully described in a Memoir recently presented to the Royal 
Society, to the solution of the following remarkable and at first sight 
utterly paradoxical problem — To determine the absorption and 
radiation of a gas or vapour without any source of heat external 
to the gaseous body itself*' 

When air enters a vacuum it is heated by the stoppage of its 
motion ; when a vessel containing air is exhausted by an air-pump, 
chilling is produced by the application of a portion of the heat of the air 
to generate vis viva. Let us call the heating in the first case dynamic 
heating, and the chilling in the second case dynamic chilling. Let us 
further call the radiation of a gas which has been heated dynamically, 
dynamic radiation, and the absorption of a gas which has been chilled 
dynamically, dynamic absorption. Placing a thermo-electric pile at 
the end of experimental tube, the latter being exhausted, the gas 
to be examined is permitted to enter the tube ; the gas is heated, and 
if it possess any sensible radiative power, the pile will receive its 
radiation, and the galvanometer connected with the pile will de- 
clare it. 

Proceeding in this way with gases, Professor Tyndall found that 
the radiation thus manifested, and which was sometimes so intense as 
to urge the needle of the galvanometer through an arc of more than 
sixty degrees, followed the exact order of the absorptions which he had 
already determined. After the heat of the radiating column of gas 
had wasted itself, the air-pump was worked at a certain rate, the 
rarefied gas within the tube became chilled, and the face of the pile 
turned towards the chilled gas became correspondingly lowered in 
temperature. The dynamic absorptions of various gases were thus 
determined, and they were found to go strictly hand in hand with the 
dynamic radiation. 

In the case of vapours the following method was pursued. A 
quantity of the vapour suflScient to depress the mercury column 0*5 of 
un inch was admitted into the tube, and this was heated dynamically 
by allowing dry air to enter till the tube was filled. The radiation of 
the vapours thus determined followed exactly the same order as the 
absorption which had already been measured. The dynamic absorp- 
tion of the vapour was obtained by pumping out in the manner just 
described, and it was found to follow the same order as the dynamic 
radiation. In these experiments the air bore the same relationship to 
the vapour that a polished silver surface does to a coat of varnish laid 
over it Neither the silver nor the air, both of which are elements or 
mixtures of elements, possesses the power of agitating in any marked 
degree the luminiferous ether. But the motion of the silver being 
communicated to the varnish, and the motion of the air being commu- 
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nicated to the vapour, molecules are agitated which have the power 
of disturbiug, in a very considerable degree, the ether in which they 
swii^. 

The speaker finds by strict experiments that the dynamic radia- 
tion of an amount of boracic ether vapour, possessing a tension of only 
-nrTTsVmnnf^ of an atmosphere is easily measurable. He also shows 
and explains the fact that with a tube 33 inches long, the dynamic 
radiation of acetic ether considerably exceeds that of olefiant gas ; 
while in a tube 3 inches long, the dynamic radiation of olefiant gas 
considerably exceeds that of the ether. Aqueous vapour has been 
subjected to a special examination, and Professor Tyndall finds it a 
common fact for the aqueous vapour contained in the atmosphere to 
exercise 60 times the absorption of the air itself. The further he has 
pursued his attempts to obtain perfectly pure and dry air, the more 
has the air approached the character of a vacuum. He further points 
to the possibility of determining the temperature of space by direct 
experiment. 

Scents of various kinds have been examined. Dry air was passed 
over bibulous paper moistened by the essential oils, and carried into 
the experimental tube. Small as the amount of matter here entering 
the tube is known to be, it was found that the absorption of radiant 
heat by those odours varies from 30 times to 372 times that of the air 
which formed the vehicle. The speaker remarked that the absorption 
of terrestrial rays by the odour of a flower-bed may exceed in amount 
that of the entire oxygenr and nitrogen of the atmosphere above the 
bed. 

Ozone has also been subjected to examination. The substance was 
obtained by the electrolysis of water, and from decomposing cells con- 
taining electrodes-of various sizes. Calling the action of the ordinary 
oxygen, which entered the experimental tube with the ozone unity, the 
absorption of the ozone itself was in six different experiments, — 21, 36, 
47, 65, 85, 136. The augmenting action of the ozone accompanied 
the diminution of the size of the electrodes used in the decomposing 
cells. Professor Tyndall points out the perfect correspondence of 
these last results with those of M. Meidinger by a totally different 
method of experiment. 

[J. T.] 



Friday, February 14, 1862. 

Rev. John Barlow, M.A. F.R.S. Vice-President, in the Chair. 


William Oduno, M.B. F.R.vS. 

SEC. CHKM. BOC. 


On Mr, Graham*s Researches on Dialysis. 

Vial Diffusion . — Wlien an open vial, filled with a solution of some 
salt or other substance, is introduced into a jar of wafer, a portion of 
the dissolved salt passes gradually from the vial into the external 
water. Tfiii portion is known as the diffusate. The diffusates yielded 
by different substances under precisely the same circumstances vary 
greatly. Thus, common salt yields double the amount of diffusate that 
Epsom salt yields, while Epsom salt diffuses twice as rapidly as gum- 
arabic. Every substance has its own definite rate of diffusibility in the 
same liquid medium, dependent upon the nature of the medium,— 
whether water or alcohol, for instance. The diffusion of any. particular 
salt is scarcely affected by the presence of a different salt, though 
materially affected by the presence of the same salt in the external 
liquid. The general law seems to be, that the velocity with which a 
dissolved salt diffuses from a stronger into a Mcaker solution is propor- 
tional to the difference of concentration, qmad that salt, btdween the 
contiguous solutions. The phenomena of liquid difl’usion are mani- 
fested most simply and uniformly when dilute solutions only are 
employed. 

Jar Diffusion . — When the solution of the salt to be diffused, 
instead of being placed in a vial, is conveyed by means of a pipette to 
the bottom of a jar of water, the dissolved salt gradually rises through 
the superincumbent water to a height or extent proportional to its 
diffusibility. The results of jar diffusion bear out generally those of 
vial diffusion. They show, moreover, the absolute rate or vplocity of 
the diffusive movement. Thus, during a fourteen days* aqueous diffu- 
sion from ten per cent, solutions of gum-arabic, Epsom salt, and 
common salt respectively, the gum-arabic rose only through iVths of 
the superincumbent water, or to a height of 55*5 millimetres ; while 
the Epsom salt rose througli the whole Wths of the superincumbent 
water, or to a height of 1 1 1 millimetres ; while the common salt not 
only rose to the top, but could have risen much higher, seeing that the 
uppermost or 14th stratum of water into which it had diffused, con- 
tained about fifteen times as much salt as was contained in the upper- 
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most or 14th stratum of water into which the Epsom salt bad 
diffused. 

Diffusive Separations. — If a solution containing equal weights 
of common salt and gum arabic be poured into a jar of water, the ratio 
of salt to gum in the dilute liquid in the jar will be the same as in 
the original solution. But if the original solution be poured into a 
diffusion vial from which the dissolved compounds can diffuse into 
a jar of water, for every 100 milligrammes of salt, about 22^ 
milligrammes of gum will pass out into the external water, or the 
ratio of salt to gum in the dilute liquid in the jar will be as 100 
to 22^-, instead of as 100 to 100, or a separation of the gum from 
the salt to the extent of 77^ per cent, will have been effected. 
Again, when a solution containing 6 per cent, of common salt and 
5 per cent. Glauber's salt (the diffusive rates of which salts are 
to one another as 100 to 70) is submitted for seven days to the process 
of jar diffusion, the upper half, or '^i^ths of superincumbent water, will 
be found to contain 380 milligrammes of common salt and only 53 
milligrammes of Glauber’s salt, or the ratio of common salt to Glau- 
ber’s salt on the upper half of the liquid will be as 100 to 14, instead 
of as 100 to 100, or a separation of the Glauber’s salt from the 
common salt to the extent of 86 per cent, will have been effected. Not 
only the partial separation of mixed bodies, but the partial decomposi- 
tion of definite chemical compounds may be effected by diffusion. Thus 
when alum, which is a double sulphate of the two metals, potassium 
and aluminium, is allowed to difluse from its aqueous solution, the 
diffusive tendency of potassium compounds being much greater than 
that of aluminium compounds, a portion of sulphatr* of potassium 
actually breaks away from the sulphate of aluminium with which it was 
in combination, in order to diffuse into the external or superincumbent 
water more freely than the sulphate of aluminium can diffuse. 

Crystalloids and Colloids , — Diflfusibility does not seem to be asso- 
ciated in any definite way with chemical composition. Thus, complex 
organic bodies, like picric acid and sugar, have much the same diffusion- 
rates as common salt and Epsom salt respectively. Isomorphous com- 
pounds, however, are for the most part equi-diffusive, but the groups of 
equi-dififusive are larger than those of isomorphous bodies. The com- 
mon salt group, for instance, includes not only chloride, bromide, and 
iodide of sodium, which are similar in composition and isomorphous in 
form, but also nitrate of sodium, which is dissimilar in composition and 
heteromorphous in form. But in comparing highly diffusive sub- 
stances on the one hand, with feebly diffusive substances on the other, 
one broad dissimilarity becomes apparent, namely, that highly diffu- 
sive substances affect the crystalline state, while feebly diffusive sub- 
stances are amorphous, and, in particular, are characterized |by a capa- 
bility of forming gelatinous hydrates. Hence the distinction established 
by Mr. Graham between highly diffusive bodies, or crystalloids^ and 
feebly diffusive bodies, or colloids. There are very many compounds 
which can exist, both in the crystalline and gelatinous states, and 
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which present two distinct diffusion-rates corresponding respectively* 
thereto. 

Nature of Diffusion . — Liquid diffusion may be attributed to a 
self-repulsion of the particles of the salt or other body which diffuses 
on the one hand, and of the particles of water or other liquid into 
which it diffuses on the other ; or it may be attributed to a particular 
kind of mutual attraction existing between the particles of the salt and 
of the water. Assuming the truth of this latter hypothesis, it is clear 
that the diffusive attraction of crystalloid particles for water is greater 
than that of colloid particles ; and, recognizing this superior diffusive 
attraction of saline particles, it is conceivable that a salt should be 
able to unite diffusively, not only with free water, but also with water 
that is already in a low form of combination, as it exists in a soft solid, 
for instance, such as jelly : and this is found to be the case. Common 
salt, for example, diffuses into a mass of solid jelly almost as easily and 
extensively as into a similar bulk of free water. But although the intro- 
duction oi a gelatinous substance does not interfere in any appreciable 
way with the diffusion of a crystalloid, it arrests almost completely the 
diffusion of a colloid body. The colloid has but very little tendency 
to unite diffusively, even with free water, and is quite incapable of 
abstracting and uniting diffusively with water that is in any state of 
combination, however feeble. 

Dialysis . — Although a simple diffusion into water can effect the 
partial separation of a highly diffusible from a feebly diffusible 
substance, yet a much better result may be obtained by causing the 
diffu*4ion to take place, not into free water, but into or through the 
combined water of a soft solid, which, as before observed, scarcely 
affects the diffusion of cry.stalloid, but almost arrests that of a colloid 
body. When a piece of vellum, or of membrane, or of parchment- 
paper, or even a layer of mucus, is interposed between a colloid 
solution and a quantity of water, the colloid, in order to get to the free 
water, must pass through the membrane, that is to say, must unite 
diffusively with the combined water of the membrane, whicli however 
it is inca{ 3 able of doing. The crystalloid body can pass through, but 
the colloid cannot. This constitutes dialysis, which means the separa- 
tion of crystalloid from colloid bodies, through a membrane that will 
allow the^ passage of crystalloid, but will not allow that of colloid 
particles; because the crystalloid particles, having a highly diffusive 
power, can unite diffusively with the combined water of the soft solid 
septum, so as to reach the external free water ; whereas the colloid 
particles, having a very feebly diffusive power, cannot. The process of 
dialysis is altogether different from that of filtration. Filtration refers 
to the passage of masses through appreciable pores, but in a dialytic 
septum there are no pores, and the movement is not molar but mole- 
cular. The dialytic septum will allow chemical action to take place, 
or that low form of chemical action which constitutes diffusion ; but, 
being quite impervious to the mechanical passage of liquid, it will not 
allow of filtration. 


HS - Vol 1 O* 
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Colloid Solutions . — The solution of various colloids has been here- 
tofore effected by means of crystalloid chemicals, comprising acids, 
bases, and salts. By dialyzing these liquids, the crystalloid reagents 
diffuse away, and leave the colloid bodies in simple aqueous solution. 
Mr. Graham has thus obtained pure colloidal solutions in water of 
numerous mineral and organic substances, such, for instance, as silica, 
tin-stone, alumina, haematite, chrome, Prussian blue, prussiate of copper, 
sucrate of copper and other sucrates, tannin, gum, caramel, albumin, &c. 
These colloidal solutions are for the most part unstable. Either spon- 
taneously, or on the addition of a very minute quantity of some or other 
crystalloid reagent, they pectize, or become converted into solid jellies. 
Hence Mr. Graham speaks of two colloidal states, the peptous^ or dis- 
solved, and ihopectous or gelatinized. Colloid bodies are characterized 
by their non-crystalline habit, by their low diffusibility, by their che- 
mical inertness, by their high atomicity, and above all by their mutabi- 
lity. All these properties are exceedingly well manifested by colloid 
silica, or co-silicic acid. 

[W. 0.] 



Friday, April 11, 1862. 

John Peter Gassiot, Esq. F.R.S. Vice-President, in the Chair. 

Dr. A. W. Hofmann, F.R.S. Pres. C.S. 

On Maure and Magenta, 

The fact of the beautiful colouring matters known by these fanciful 
terms being substances derived from coal, must, I presume, be familiar 
to every one of you. But there may be many unacquainted with the 
means by which this transformation is accomplished. It is to them that 
I address myself this evening. 

Coal to become colour, has to pass tlirough a series of stages of 
transition, each of which claims our attention for a moment. Briefly 
expressed, the aim of this address may be said to be, to show you the 
way from coal to colour. Now let me at once tell you this way is 
rather long ; we may have to travel over country rough and intri- 
cate, and now and then to i)ass through territories which — I confess 
it with an appeal to the ladies— may not, perhaps, he altogether 
remarkable for their fragrance and sweetness. But on such occasions 
we shall accelerate our steps, and, on the whole, I venture to hope that 
we shall arrive at our journey’s end without too much inconvenience. 

Colour is intimately associated with light ; without light there 
is no colour. This remark applies in a double sense to the colours 
derived frqni coal ; for it is to the introduction of gas-light for 
illuminating our streets and houses, that we are indebted for the 
acquisition of these colours. This statement may appear strange, for 
nearly half a century has elapsed during which we have been in the 
possession of gas, whilst the transformation of coal into colouring 
matters has been achieved only recently under our own eyes. But you 
will immediately appreciate the truth of my assertion, if 1 tell you that 
these substances are obtained from a secondary product, generated in 
the manufacture of gas, a product long used for a variety of purposes, 
but which, only within the last few years, the researches of chemists 
have proved to be an inexhaustible mine of wealth and interest. 

The starting-point then for the production of Mauve and Magenta, 
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is the manufacture of coal-gas ; but this is so well known as not to 
need any detailed description. Let me briefly remind you of the 
principal features of the distillation of coal, by directing your 
attention to the two large diagrams representing the “ retort house ** 
and the “ condensers” of a gas- work. You observe how the coal is 
heated in stupendous retorts, five or seven of which are generally 
associated in one furnace. The gas ascends from these retorts in 
vertical tubes, the bent ends of which dip into a large horizontal pipe, 
partly filled with water, called the hydraulic main^ a considerable 
amount of the oily and tarry substances generated with the gas being 
separatetj by the water. The gas, so far purified, passes on through the 
condensers — immense vertical iron pipes constantly cooled by a cur- 
rent of cold water which surrounds their external surface. In these 
condensers an additional quantity of oily matter is separated, which, 
together with the oily substances deposited by the gas during its pas- 
sage through the hydraulic main, is collected in appropriately placed 
cisterns. The gas, having traversed the condensers, passes through 
a series of further purifications before it is delivered into the mains of 
our streets ; but these, unconnected as they are with our subject, must 
no longer occupy our attention. 

The distillation of coal being the fundamental operation in the 
manufacture of Mauve and Magenta, it is but fair that it should 
not remain without an experimental illustration. In this tubulated 
retort of hard glass, I am heating fragments of coal. The beak of 
the retort is inserted into a three-necked glass globe, the lower 
neck of which terminates in a tube, communicating witli a glass vessel 
for the collection of the “oily products;” while the third neck is pro- 
vided with a deli very -tube for the discharge of the gas.^hicli finds its 
way into a glass gas-holder. The coal has been heated only for a few 
minutes, and the gas already begins to be freely evolved ; already I 
m^y light it at the orifice of the delivery-tube, which, for this purpose, 
I have removed from the gas-holder ; already it burns with the cha- 
racteristic luminous flame of coal-gas. In the meanwhile, you observe, 
a considerable quantity of the “ oily products ” has accumulated in the 
receiver. Their formation continues as long as the gas is evolved. 
Ultimately the coal is entirely resolved into gas and oily products^ a 
non-volatile residue, the coke^ remaining behind in the retort. 

It is in the oily products, the so-called ^'‘coal-tar-oil,'* that our 
interest is centred. To my mind this coal-Uir-oil * is one of the most 
wonderful productions in the whole range of chemistry. That may be 
rather a one-sided view, but having in younger years spent much time 
in the investigation of this substance, I have acquired quite an aflection 
for it. Nor can you fail to appreciate the interest whiqh coal-tar 
presents to the chemist when you look at the diagram in which I have 
endeavoured to arrange synoptically the various substances t^hich have 
been eliminated from it. 


A large specimen of coal-tar-oil was here exhibited. 
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PRODUCTS OF THE DESTRUCTIVE DISTILLATION OP COAL. 


Formula. 


Hydrogen 

Marsh gas, or Hydride of methyl 
Hydride of Hexyl .... 

Hydride of Octyl 

Hydride of Decyl 

Olefiant gag, or Ethylene . . 

Propylene, or Tetrylene . . 

Caproylene, or Hexylene . . 

G^nanthylene, or Hepiylene . 
Paraffin 

Acetyleiae 

Benzoh 

Parabenzol 

Toluol 

Xylol 

Cumol 

Cymol 

Naphtalin . 

Paranaphtalin, or Anthracen . 

Chrysen 

Pyren 

Eupion 


Hydrosulphuric acid 

Hydrosulphocyanic acid . . . 

Carbonic oxide 

Carbonic anhydride 

Disulphide of carbon . . . . 

Sulphurous anhydride . . . . 

Acetic acid 

Phenylic acid, or alcohol, Phenol 


CH3 H 

a 

C, H., H 

c.oh;,’h 

c« h, 

Ca He 

Call, a . 
C, H, 

a ii*„(?) 

Ca Ha 
Ce He . 
Ca He 
C, He . 
Ce H,o . 
Ce H,a . 
Cio H ,4 

C.oHe . 

Cu 11,0 
H4 (?) 
Cao H4 
(?) 

Hl^ 


(C N)h 


(CJI,) 




400 


LIBRARY OF SCIENCE 


Products of the Debtructtve Distillation of Coal — continued. 


Name. 

Formula. 

Boiling 

Points. 

Cresylic acid, or alcohol, Cresol 

(CrJl) 

203° 

Phlorylic acid, or alcohol, Phlorol 

(C.n.)}^ 


Rosolic acid 

Brunolic acid 

(?) 





Ammonia 

HiN 



hJ 



C.H, ) 


Aniline 

H (n . 
H 1 

182° 

Cespitine 

(C, H..)"'N . 

96° 

Pyridine 

(C, . 

1 115° 

Picaline 

(C. H,)"'N . 

134° 

Lutidine 

(C, II. )"'N . 

154“ 

Collidine 

(C. II„)"'N . 

170° 

Parvoline 

(C. . 

188° 

Coridine 

(C.oH..)"'N 

211° 

Rubidine 

(C., . 

230° 

Viridine . . 

(C..H..)"’N . 

251° 

Chinoline, or Leucoline .... 

C, H,N . . 

235° 

Lepidine . 

C,. H, N . . 

260® 

Cryptidine 

C,. H.,N 


Pyrrol 

C. H. N(?) 


Hydrocyanic acid 

II C N 



This is rather a formidable list of compounds ; their names, too, 
are not always remarkable for smoothness and melodious character, 
although, I should not omit to state, they are tame and domestic 
when compared with some of the terms which chemists of late have 
been under the painful necessity of inventing and inflicting. You 
need not be afraid, however, that I shall trouble you ^ih many 
details about these substances. Most of them, though highly interest- 
ing for more than one reason, more especially when considered from a 
purely scientific point of view, are of no importance for our present 
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subject, and need not therefore specially be noticed. In fact, the only 
coal-derivatives which, in connection with Mauve and Magenta, claim 
our attention, are Benzol^ Phenol ^ and Aniline; those certainly we 
must by-and-by examine somewhat more in detail. 

But before doing so, you legitimately expect that I should endea- 
vour to give you some idea of the nature of the process, in which this 
endless variety of compounds is generated from coal. Were I 
to tell you simply that coal consists of Carbon^ Hydrogen^ Nitrogefi^ 
Oxygen^ and Sulphury not to mention ttie ash which is left after combus- 
tion, and that you may therefore look upon coal as a sort of magazine 
of these several elements, capable, under the influence of heat, of 
associating in an infinity of forms and proportions, you would have 
learnt comparatively little. Let me attempt to convey to you a some- 
what more precise idea of the processes involved in the distillation of 
coal. For this purpose you must allow me to remind you of some of 
the general results elaborated by the researches of chemists during 
the last ten years, which, at the first glance, appear but little connected 
with Mauve and Magenta. 

The ipfinite number of substances, mineral, vegetal, or animal, 
which form our planet, variously as they are composed, may be re- 
ferred, — chemists now pretty generally agree,— to a comparatively 
small number of types of construction* Opinions arc divided respect- 
ing the actual number of these types, and even the choice of typical 
bodies is still a subject of discussion among chemists. But whatever 
the special views of particular schools may be, the number of types is 
always small, and among them almost invariably figure Hydrogen^ 
Water, and Ammonia* The comprehension of the meaning attached 
by chemists to the term types may perhaps be fiicililated to you by 
a glance at three models which I have had constructed for this pur- 
pose, and which for the sake of convenience I may be allowed to 
designate as type-moulds.’^ 

Chemists assume that the smallest particle of hydrogen, which 


♦ These type-moulds consisted essentially of wire frames, prchenting the out 
lines of cubes, associated, two, three, or four of them, in the manner indicated 
in the diagram 



and capable of receiving zinc-cubes variously painted and maihed, representing 
elementary and compound atoms. 
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exists in thfe free state, or, to use the chemical phrase, the molecule of 
hydrogen, consists of two atoms of hydrogen. The first of our type- 
moulds then, charged as it is with one atom (one volume) of hydrogen, 
associated with aywther atom (one volume) of hydrogen, represents the 
molecule of hydrogen. 


In water, as you know, we have two atoms (two volumes) of hydrogen, 
associated with one atom (one volume) of oxygen.* You are reminded 
of this fact by our second type-mould, which represents the molecule of 
water. 


In ammonia, lastly, you have three atoms (three volumes) of hy- 
drogen, united with one atom (one volume) of nitrogen, a form of con- 
struction which is recorded in our third type-mould representing the 
molecule of ammonia. 



H 


Kpthing is easier now than to trace the derivation of other substances 
from hydrogen, from water, from ammonia. Let me remove from our 
three type-moulds one atom respectively of hydrogen, oxygen, and 
nitrogen, and fill the places thus vacated with atoms of chlorine, 
sulphur, and phosphorus, and I have, without giving you the slightest 
inconvenience, converted hydrogen into hydrochloric acid^ water into 
sulphuretted^ and ammonia into phosplwretted hydrogen. 







EquivaleDUusedj H«1 ; 0-J6; S-32 ; C«12; N-14; €1-33*5 ; &c. 







LIBRARY OF SCIENCE 


403 

You observe the molecules of hydrochloric acid, of sulphuretted and 
of phosphoretted hydrogen respectively contain the same number of 
atoms which are present in the molecules of hydrogen, of water, and of 
ammonia. We have thus indicated that hydrochloric acid is con- 
structed upon the hydrogen- type, sulphuretted hydrogen upon the 
water-type, phosphoretted hydrogen, lastly, upon the type of ammonia. 
The three bodies just considered were formed by the insertion of e/e~ 
mentary atoms ; but our type-moulds receive compound atoms with 
the same facility. Let me take as an illustration the compound atom 
ethyls consisting of two atoms of carbon and five of hydrogen, 
(Ca H5= E), which is familiar to the members of the Royal Insti- 
tution. By inserting one or ttvo ethyl-atoms into the hydrogen- 
mould I generate the molecules of ethylated hydrogen^ or ethylated 
ethyl (free ethyl)* 



In a siisnilar manner, by introducing either one or two ethyl-atoms 
into water, I convert the molecule of water into the molecules of the 
two ethylated vmters, alcohol and ether. 






Displace, lastly, one, two, or three hydrogen-atoms in ammonia, by 
me, two, or three ethyl-atoms, and you give rise to the formation of 
the molecules of the three ethylated ammonias, 



better known as ethylamine, diethylamine, and triethylamine. 

At the risk of exhausting your patience, I repeat some of these 
changes with another compound atom of a composition differing from 
that of ethyl. These mauve-coloured cubes may represent a com- 
pound atom, containing six atoms of carbon and five of hydrogen 
(Cfl IT5 == Ph), to which cliemists have given the name of phenyl. 
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Charge each of our type-moulds with an atom of phenyl, and you 
accomplish the construction of phenylated hydrogen^ phenylated 
waier^ and phenylated ammonia^ 



substances better known as benzol^ phenol^ and aniline;* and the 
existence of which in coal-tar-oil I have already pointed out to you. 

But it is time for us to return to the point from which we started. 
What has the recognition of our types to do with the distillation of coal ? 
lu what manner do they explain the formation of the variety of sub- 
stances generated in this process. In coal we have the elements of the 
three types of matter, and we find that hydrogen, water, and ammonia 
are in fact produced to a very appreciable extent during its distillation. 
The quantity of free hydrogen is generally small ; moreover, mixed as 
it is with the carbonetted hydrogens of coal gas, its j)resence among the 
products of distillation of coal is not easily demonstrated by experi- 
ment. Water and ammonia, on the other hand, are abundantly gene- 
rated, and nothing is easier than to exhibit their production. In fact, 
the coal-tar-oil which we have produced in our distiltation-experi- 
ment, is covered, as you observe, with a layer of water, and the appli- 
cation of test-papers .to the latter shows that it contains a large amount 
of ammonia. Now consider that our types are generated from coal 
in the presence of large quantities of carbon and hydrogen, two ele- 
ments which, in proportions varying to an almost unlimited extent, 
may aggregate under the influence of heat to compound atoms similar 
to ethyl and phenyl ; remember, moreover, that these atoms are 
capable of displacing, partly or entirely, the hydrogen of our types, 
and you will realize without difficulty the number of compounds which 
may be formed by the distillation of coal ; I say which may be formed, 
for tlie diagram which I have exhibited to you enumerates only the 
bodies which have actually been obtained ; but every day brings forth 
new substances. It is obvious that the nature of the compound atoms 
generated must, in a measure, depend upon the composition of the coal 
distilled. The composition of coal, however, varies between very 
considerable limits. In the subjoined diagram I give you a synopsis 
of the results obtained in the analysis of several specimens of ^al. 


Large specimens of these three bubstances were exhibited upon the table. 






LIBRARY OF SCIENCE 


405 


ANALYSIS OF DIFFERENT COALS. 


100 PARTS OF DRY COAL 


Locality of Coal. 

Contain 

T..eave 

> 

Carbon. 

Hydrogen. 

& 

0 

« 

Sulphur. 

Oxygen. 

/ 

•< 

Coke. j 

Anthracite, Wales . . . 

91 44 

3*30 

0*21 

0*79 

2 58 

1*52 

92*20 

i» »» • • • 

90*39 

3*28 

0*83 

0 91 

2*97 

1*61 

92 10 

Caking Coal, Newcastle . 

81*41 

5*83 

205 

0*75 

7*90 

2*07 

66*70 

Caniiel Coal, Wigan . . 

80*07 

6*53 

2*12 

1-50 

809 

2*70 

60*36 

Coal, Wolverhampton . . 

78 57 

5*29 

1*84 

0*39 

12*88 

10*30 

57*21 

Wallsend, Elgin .... 

76*09 

5*2> 

1*41 1 

1*53 

5*05 

10*70 

58*40 

St. Helen’s, Lancashire . 

7.5*80 

5*21 

1*92 1 

0*90 

11*89 

5*17 

65*50 

Methill Brown Coal . . j 

65*96 

7*78 

0*96 1 

0*75 

9*23 

16*32 


Bohemian Brown Coal . . 

55*59 

! 4*16 


19*06 

1 

21*19 



A glaiK^c at this diagram shows you that the carbon in the several 
specimens varies by more than 30 per cent., being 91*4 in Welsh anthra- 
cite and 55*5 in Doheinian brown coal. Similar, though less marked, 
discrepancies are perceptible in the other constituents. If you recollect, 
in addition, that the nature of the compound atoms generated in the 
distillation of coal must be influenced, moreover, by the temperature, 
which again oscillates between limits widely apart, you cannot fail to 
y)erceive that the destructive distillation of coal must be an almost 
inexhaustible source of new compounds. 

The separation of the individual substances from the complex mix- 
ture called coal-tar-oil appears, at the first glance, to present almost 
insurmountable obstacles. But the principles made use of for this pur- 
pose are very simple. The individual compounds contained in coal-tar- 
oil mfiy be separated in a great measure by distillation, their boiling 
points varying, as may be seen by a glance at the diagram, to a con- 
siderable extent. But additional means of purification offer themselves 
in the different deportment which these substances exhioit under the 
influence of chemical agents. I could not perhaps, in this respect, 
bring under your notice a more instructive illustration than the 
behaviour witli acids and bases of the three coal-tar-oil-constituents, 
repeatedly quoted. Benzol, phenol, and aniline may thus easily be 
separated. 'To demonstrate this point cx[>eriinentally, two glass 
cylinders have been half-filled with benzol, two others with phenol, 
and two further ones with aniline; a solution of litmus having, 
moreover, been added, each of the three substances is treated in one 
cylinder with acid, in the other with alkali. In the case of benzol, 
you observe, the indifTerent hydrocarbon, insoluble both in acid and 
alkali, floating colourless upon the coloured liquid ; phenol, being an 
acid water-derivative, is not acted iqxjn by the acid, but readily dis- 
solves in the alkali ; aniline, lastly, being a well-defined ammonia- 
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derivative, exhibits the converse deportment, resisting the action of 
the alkali and forming a homogeneous solution with the acid. 

Each of the three coal-tar-oiLconstituents which I have mentioned, 
and of which you have characteristic specimens upon the lecture-table, 
has received important applications in the arts and manufactures. 
Benzol is the most convenient solvent for caoutchouc; as an agent for 
removing oil and grease it has become an ordinary household article ; 
phenol, when treated with nitric acid, yields us a beautiful yellow dye, 
called by chemists carbazotic acid ; but the practical interest attached to 
phenol you will more immediately appreciate if I tell you that this com- 
pound presents the greatest analogy with creosote, a substance, I am 
afraid, but too well known to most of us, — a considerable portion of 
the creosote of commerce being in fact simply phenol ; aniline, lastly, 
is the source of Mauve and Magenta, and must therefore claim our 
attention more particularly this evening. 

The amount of aniline which exists in coal-tar is very limited; a 
preparation from this source upon a aufficiently large scale could 
never be attempted. Fortunately, chemists are in the possession of a 
series of processes by which aniline may be produced in any quantity. 
Benzol, the phenylated hydrogen, may readily be converted into 
aniline, the phenylated ammonia. Let us examine this transformation 
experimentally. 

Benzol is readily attacked by fuming nitric acid ; it dissolves in it, 
producing a liquid of a deep-red colour. On addition of water this 
liquid deposits a heavy yellow oil, collecting at the bottom of the 
cylinder, perfectly different from benzol, which floats on the surface of 
the water. The reaction will be intelligible to you, if I remind you 
that nitric acid when referred to our types, must be vieWPd as a water- 
derivative ; it is water in which, for one of the elementary hydrogen- 
atoms, there has been substituted a compound atom, consisting of nitro- 
gen and oxygen. 

Water. Nitric Acid. 


O 

Modern chemistry, you observe, returns to the conceptions of former 
ages, which in the name aqua fortis appear to have anticipated in a 
measure our present notions. 

When nitric acid acts on benzol, an interchange takes |)lace be- 
tween the elementary atom of the latter and the compound al6m of the 
former, nitrobenzol^ the heavy yellow liquid, which we have produced, 
and water being formed : — 

BenzoL Nitric Acid. Nitrobenzol. Water. 

(C.H.)H + = (C.H.)(NO.) }{|0 
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The transformation of benzol into nitrobenzol, discovered by Mit- 
scherlich, is only a preparatory operation for the production of aniline. 
The method of converting nitrobenzol into aniline was discovered by 
Zinin. It consists in submitting nitrobenzol to the action of nascent 
hydrogen. Under the influence of this agent, the compound atom 
N Og , which in nitrobenzol is associated with phenyl, is decomposed ; 
its oxygen is converted into water, the residue of nitrogen and phenyl 
assimilating the necessary quantity of hydrogen to form phenylated 
ammonia, or aniline. 

Nitrobenzol. Hydrogen. Water. Aniline. 

(C H 

(C,H.)NOO + HH+HH + IIH=J5|o+ S[o+ [n 

The hydrogen necessary for this transformation may be furnished 
by numerous processes. The most convenient method for our pur- 
pose consists in submitting nitrobenzol to the action of metallic iron 
and acetic acid, a process first proposed by M. Btfchamp. I mix the 
three bodies in a glass retort, and on application of a gentle heat 
you observe how immediately a most powerful reaction manifests 
itself. Let us hasten to connect the retort with a condenser ; I have 
removed the gas-burner from the retort ; nevertlieless the reaction 
continues, and a considerable quantity of water, covering an oily layer, 
has already accumulated in the receiver. This oily liquid is aniline. 
We recognize it at once by its peculiar deportment with a solution of 
chloride of lime. On pouring a single drop of our distillate into 
this beaker which contains a solution of chloride of lime, a splendid 
purple cloud is almost instantaneously diffused throughout the liquid. 
You perceive we are approaching our subject. The beautiful colour 
which aniline strikes with a solution of chloride of lime has been long 
known. A solution of bleaching powder has always been used as a 
test for aniline ; indeed it was by this colour- react ion that the presence 
of our compound in coal-tar-oil was first pointed out, a fact recorded 
in the name Kyanol (blue oil), originally given to aniline prepared 
from coal-tar. Several other oxidizing agents, chromic acid for in- 
stance, were likewise known to produce coloured compounds from 
aniline ; but all the colours thus obtained were of an highly ephemeral 
character. Observe how the purple cloud which I produced by 
means of chloride of lime has rapidly changed to a dingy reddish 
precipitate. It was Mr. W. Perkin who had first the happy idea 
of investigating the circumstances under which this beautiful purple 
might be prepared in a form permanent and applicable for the pur- 
poses of the dyer. He succeeded in isolating this colour by submit- 
ting, under appropriately selected circumstances, aniline to the action 
of bichromate of potassium and sulphuric arid. 

Here then you have, step by step, the development of this new and 
important branch of chemical industry. 

Through the kindness of my friend, Mr. Perkin, I am enabled to 
exhibit to you magnificent specimens of his aniline purple, or Mauve, 
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in the dry state and in solution. This brown lump, with the remark- 
able coppery lustre, is Mauve in the solid state ; its extraordinary 
tinctorial powers will be appreciated, if I tell you that this beautiful 
violet-coloured solution contains not more than of a grain of Mauve 
in one gallon of alcohol ; you will also understand the considerable 
commercial value of this substance. Weight for weight, I am told by 
Mr. Perkin, this colouring matter, when pure, is sold at the price of 
metallic platinum. 

Very little is known regarding the chemical nature of Mauve ; its 
composition is not yet made out, and as a matter of course the process 
by which it is formed from aniline remains as yet perfectly unex- 
plained. 

Magenta is one of the fancy names given to the splendid crimson, 
which is likewise generated from aniline by the action of oxidizing 
agents. This substance was first observed in purely scientific researches, 
and more especially in the action of tetrachloride of carbon upon 
aniline. To a French chemist, M. Verguin, the merit is due of having 
for the first time obtained this substance on a larger scale ; he pro- 
duced it by the action of tetrachloride of tin on aniline. Numerous 
other processes were subsequently suggested, among which treatment 
of aniline with chloride or nitrate of mercury, with arsenic acid, and 
many other substances may be mentioned. Magenta, often called 
fuchsine, roseine, <&c., soon became an article of large consumption. 
A great impetus to this new branch of industry was given in France 
by Messrs. Henard and Franc, who were the first to manufacture the 
new article on a commercial scale; in this country, very soon after- 
wards, Messrs. Simpson, Maule, and Nicholson engaged with great 
spirit in the manufacture of this splendid dye, the production of which 
has attained already colossal proportions. To Mr. E. C. Nicholson 
mo^ especially belongs the credit of having developed this new in- 
dustry to an unprecedented degree of perfection. 

Before proceeding, however, let me show you the formation of 
Magenta by experiment. Among the many processes which I might 
adopt for this purpose I select the action of corrosive sublimate upon 
aniline, not because I consider this process superior to the others, — it 
is, in fact, inferior to many, — but because it is, perhaps, the best 
adapted for a lecture-experiment. This white powder is chloride of 
mercury (corrosive sublimate); a small portion of this salt I mix in a 
test-tube with perfectly colourless aniline. Let us stir the mixture 
with a glass rod until it is converted into a perfectly homogeneous 
liquid paste. This paste is still colourless ; but on gently heating it by 
a gas-burner, it instantaneously assumes a splendid crimsop of the 
greatest intensity, a single drop of the liquid being capable of deeply 
colouring a large beaker filled with alcohol. 

In all the processes which convert aniline into colouring^ matters, 
a considerable number of secondary products are generated, ^hich it is 
rather difficult to separate from the principal pr^uct of the reaction. 
These difficulties have been most perfectly overcome by Mr. Nicholson, 
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who has succeeded in obtaining Magenta in a state of absolute purity. 
Chemists have thus been enabled to analyze this substance, and to lift, 
at all events, the corner of the veil which still covers the mysterious 
formation of the coloured derivatives of aniline. 

In the pure state Magenta is a fine crystalline, and, remarkably 
enough, perfectly colourless, or only slightly tinted body, which is repre- 
sented by the formula — 

C*o Na 0 = n,, N., H. O. 

Rosaniline (this is the name by which chemists designate the 
colourless body) is a base, or ammonia-derivative, which forms a series 
of splendid salts. With hydrochloric acid, for instance, it produces a 
beautifully crystalline salt of the formula — 

H,, Na, 11 Cl. 

It is in the state of saline combination that rosaniline acts as a 
crimson dye. Into this shallow porcelain dish I have thrown a few 
crystals of rosaniline, which at a distance you scarcely perceive; 

I now pour upon these crystals a small quantity of acetic acid, 
when on j^ntly heating the dish the crimson colour instantaneously 
appears, ilut it is only in solution that even the salts of rosaniline 
are crimson-coloured ; on slowly ei^aporating their solution, the red 
colour entirely vanishes^ and a splendid green crystalline substance 
remains, presenting in an extraordinary manner the beautiful metal- 
lustre which distinguishes the wings of the rose-beetle. Together 
with all the products involved in the manufacture of aniline and 
aniline-dyes, my friend Mr. Nicholson has placed before you the finest 
series of rosani line-salts which has ever been produced ; and not con- 
tent with this display, he was kind enough to send us a specimen of 
acetate of rosaniline, such as no mortal eye has ever seen before. 
The specimen may be literally called the Crown of Magenta.* Crowns 
arc alwajs expensive articles, and often are the cost and trouble f>f 
getting them greater than their actual value. This remark applies in 
a measure to the Crown of Magenta. For the benefit of those who are 
fond of big figures — and who is not a little afflicted with this weak- 
!ioas? — I may state that the crown was growm in a vessel containing 
not less than 8000/. worth of Magenta, the crown itself being worth 
upwards of 100/. 

Having now explained the several stages of transition through 
which coal has to pass before it becomes either Mauve or Magenta, it 
ntay be of some interest to you to know the proportion which the 
finished dye bears to the coal from which it is derived. A set of 
specimens for wdiich I am likewise indebted to Mr. Nicholson, is most 
instructive in this respect. Observe, it commences with a large mass 
of coal, weighing not less than 100 lbs. ; the bottles which follow 
contain the coal-tar-oil, naphtha, benzol, nitrobenzol, and aniline, 


* An immense aggregate of sparkling green octohedral crystals,— some of 
them as much as an inch in diameter, — deposited upon a large wire frame having 
the shape of an elegant crown, was here exhibited. 
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obtainable in succession from 100 lbs. of coal ; remark how they 
gradually diminish in size, and how small, I might almost say insig- 
nificant, appears the bulk of Magenta finally obtained. But compare 
the bulk of wool which this minute quantity will dye. It approximates 
to the bulk of coal with which we started. This comparison evinces 
perhaps sufficiently the extraordinary tinctorial power which this class 
of dyes possesses ; but a very simple experiment may possibly convey to 
you this idea even in a more impressive manner. The white paper 
which covers this large frame has been dusted over with a minute 
quantity of Mauve ; a second one is treated in a similar manner with 
Magenta, The quantity of colouring matter is so small, that the paper 
has retained its original white colour, but observe how it changes, 
when I dash a beaker full of spirit against these squares ; immediately 
the lovely purple of Mauve is developed upon one of them, whilst 
the other one exhibits the dazzling crimson of Magenta. 

But let us now proceed to illustrate the mode of dyeing. For 
this purpose I introduce silk and uool, both unspun and woven, in 
succession, into solutions of Mauve, of Magenta, and lastly, of a 
splendid new Purple, lately discovered by Mr. Nicholson. Observe 
the extraordinary facility with which the coal -tar-col ours are fixed 
both on wool and silk. These materials require no previous prepara- 
tion, being dyed, in fact, simply by dipping, without the aid of any 
mordant. Silk and wool are animal substances; vegetal mjiterials, such 
as cotton and linen, unless previously submitted to a special treat- 
ment, are scarcely affected by these dyes, 'J'his fact admits of being 
beautifully illustrated by tlyeing linen fabrics on which ornaments 
have been embroidered in silk ribbon. The articles, when coming out 
of the bath, appear uniformly dyed; but by was hingf» first in pure 
water and then in dilute ammonia, the colour rapidly vanishes from 
the linen ground, jeaving the silk embroidery in brilliant colours. 
TIris extraordinary predilection of the aniline-colours for animal sub- 
stances is, moreover, strikingly illustrated by the condition of my 
hands, which by this time have acquired a thoroughly Magentic 
appearance. Fortunately, the coal-tar-colours are unable to resist the 
action of chloride of lime, and I have therefore only to immerse my 
hands for a moment into a solution of bleaching powder. 

Already the colour on riiy band, you observe, has gone, but with 
the colour, I am afraid, my time too. Let me endeavour to bring 
this lecture to a coiiclnsioii. I have fulfilled in a measure the promise 
which I gave you at the commencement of this discourse. We have 
crossed together the extensive field which stretches between coal and 
colour. I am impressed, deeply impressed with the cluinsii^s of ray 
performance as your guide, but I hope that the interest attached to 
the territory we have explored may, to some extent at all e Writs, have 
iudemnified ydtl for the imperfection of my explanations, and that you 
leave the Royal Institution this evening with the kind of feding every 
one of us has more than once experienced after travelling in similar 
company over a beautiful country — the guide is forgot teo, but the 
impression of the scenery remains. 
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Having gone thus far, you may think that it is fully time for me to 
make my bow. But I venture, even at this late hour, to dwell for a 
moment on the moral of the story which I have told you, though you 
may feel disposed to consider this story rather a highly coloured one. 

The material which I had to condense, I might almost say to force, 
into the short space of an hour, has been overwhelming; and whilst 
explaining the formation of the various substances which I had to 
describe, whilst illustrating their properties by experiment, I have 
scarcely had time to glance at the history of our subject. This history 
is not without interest. You readily perceive that a branch of industry 
like the one I have endeavoured to sketch could not possibly have risen 
like Minerva from the head of Jupiter — a sudden inspiration happily 
realized. The time, the toil, the thought of a host of inquirers were 
necessary to accomplish so remarkable an achievement. You cannot 
expect me at this late hour to examine minutely into this part of the 
subject, but I must not take leave of you without alluding to some 
facts which cannot fail to rivet the lively interest of the Members 
of this Institution. Let me tell you then that Mauve and Magenta 
are esseotiaWy Royal Institution colours; the foundation of this new 
industr}*^ Was laid in Albemarle Street. Benzol, which I have so 
repeatedly mentioned, — benzol, which may be looked upon as the 
raw material, capable, under the influence of chemical agents, of 
assuming such wonderful shapes, — benzol is the discovery of our great 
master, may I not add of our kind friend, Mr. Faraday. This volume, 
‘The Philosophical Transactions for 1825,’ contains the description of 
his experiments. In 1825, thirty-seven years ago, the laboratory of 
the Royal Institution witnessed the birth of this remarkable b^y. 
Yesterday, under the auspices of Mr. Anderson, I invaded the same 
laboratory, a diligent search was made, and in my hand I hold the 
trophies of our expedition, the original specimens of benzol which 
Mr. Faraday prepared. In thus reminding you of one of the early la- 
bours of Mr. Faraday, — which, owing to the number and vastness of his 
subsequent discoveries, appears almost to have escaped from his memory 
like a tradition of years gone by, — I have opened a glorious page 
in the glorious history of the Royal Institution. Benzol has furnished 
us Mauve and Magenta, but it has done much more than this. 
Ever since chemistry became endowed w ith this wonderful body, benzol 
has been the carrier of many of the leading ideas in our science. In 
the hands of Mitscherlich, Zinin, Gerhardt and Laurent, in the hands 
of Charles Mansfield — never to be forgotten by his friends — and 
many others, benzol has been a powerful lever for the advancement 
of chemical science. Benzol and its derivatives form one of the most 
interesting chapters in organic chemistry, the progress of which is 
intimately allied with the history of this compound. 

But what has the history of benzol to do w ith the moral of Mauve and 
Magenta ? Well, ladies and gentlemen, ask Mr. Faraday ; ask him what 
in 1825 was his object in examining benzol. I have perhaps no right to 
answer this question in Mr. Faraday’s presence ; but I venture to 
say that we owe his remarkable inquiry to the pure delight he felt 
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in the elaboration of truth. It vas in the same spirit that his suc- 
cessors continued the work. Patiently they elicited fact after fact; 
observation was recorded after observation ; it was the labour of love 
performed for the sake of truth ; ultimately, by the united efforts of so 
many ardent inquirers, exerted year after year in the same direction, 
the chemical history of benzol and its derivatives had been traced. The 
scientific foundation having thus been laid, the time of application had 
arrived, and by one bound, as it were, these substances, hitherto exclu- 
sively the property of the philosopher, appear in the market-place of life. 

Need I say any more ? The moral of Mauve and Magenta is trans- 
parent enough. I read it in your eyes, — we understand each other. 
Whenever in future one of your chemical friends, full of enthusiasm, 
exhibits and explains to you his newly-discovered compound, you will 
not cool his noble ardour by asking him that most terrible of all questions, 
“ What is its use ? Will your compound bleach or dye ? Will it shave ? 
May it be used as a substitute for leather ? ” Let him quietly go on with 
his work. The dye, the lather, the leather will make their appearance 
in due time. Let him, I repeat it, perform his task. Let him indulge 
in the pursuit of truth, — of truth pure and simple, — of truth not for the 
sake of Mauve, not for the sake of Magenta — let him pursue truth for 
the sake of truth 1 [A . W. II.] 



Friday, June 6, 1862. 


Till:: lliJKK OF JNoiiTiiiJMBEULAND. K.d. F.R.8. IVesideut, 
in the (’hair. 

John Tyndall, Ehq. F.R.S. 

rnOFFJifXJU OK NATUILVL I'HILOSOrjiy, UOTAL INSTITIf^^O^. 


On Force, 

The existence of the International Exhibition suggested to our Hono- 
rary Secretary the idea of devoting tlie Friday evenings after luister of 
the present year to disoourses on the various agencies on which the 
inateriid sliojjvgth of England is based. He wislied to make iron, coal, 
cotton, and kindred inatteis, the subjects of these discourses ; opening 
the series by a discourse on the (ireat Exhibition itself ; and he 
wished me to finish the series by a dis(*our‘<e on Force in general. 
For some months I thoiight over the subject at intervals, and had 
devised a plan of dealing with it; but three weeks ago I was induced 
to swerve from this plan, for rea.Nons which shall be made known 
towards the conclusion of the discourse. 

We all have ideas more or less distinct regarding force ; we know 
ill a general way what muscular force means, and each of us would 
less willingly accept a blow from a pugilist than have his ears boxed 
by a lady. But these general ideas are not now sufficient for us ; we 
must learn how to express numerically the exact mechanical value of 
the two blows ; tliis is the first point to be cleared up. 

A sphere of lead weighing 1 lb. was suspended at a height of 16 feet 
above the theatre floor. It was liberated, and fell by gravity. 'J'hat 
weight required exactly a second to fall to the earth from that elevation ; 
and the instant before it touched the earth, it had a velocity of 32 feet 
a SHcond. That is to say, if at that instant the earth were annihilated, 
and its attraction annulled, the weight would proceed through space at 
the uniform velocity of 32 feet a .second. 

Suppose that instead of being pulled downward by gravity, the 
weight is cast upward in opposition to the force of gravity, with what 
velocity must it start from tiie earth’s surface in order to reach a height 
of 16 feet? With a velocity of 32 feet a second. This velocity im- 
parted to the weight by the human arm, or by any other mechanical 
means, would carry the weight up to tiie precise height from w hich it 
has fallen. 

Now the lifting of tlie weight may be regarded as so much me- 
chanical work. I might place a ladder against the wall, and carry the 
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freight up a height of 16 feet ; or I might draw it up to this height 
by means of a string and pulley, or I might suddenly jerk it up to a 
height of 16 feet. The amount of work done in all these cases, as far 
as the raising of the weight is concerned, would be absolutely the 
same. The absolute amount of work done depends solely upon two 
things : first of all, on the quantity of matter that is lifted ; and secondly, 
on the height to which it is lifted. If you call the quantity or mass 
of matter wi, and the height through which it is lifted h, then the pro- 
duct of rn into A, or wA, expresses the amount of work done. 

Supposing, now, that instead of imparting a velocity of 32 feet a 
second to the weight we impart twice this speed, or 64 feet a second. 
To what height will the weight rise? You might be dispased to 
answer, To twice the height ; but this would be quite incorrect. 
Both theory and experiment inform us that the weight would rise to 
four times the height : instead of twice 16, or 32 feet, it would reach 
four times 16, or 64 feet. So also, if we treble the starting velocity, the 
weight would reach nine times the height; if we quadruple the speed at 
starting, we attain sixteen times the height. Thus, with a velocity of 
128 feet a second at starting, the weight would attain an elevation of 
256 feet. Supposing we augment the velocity of starting seven times, 
we should raise the weight to 49 times the height, or to an elevation 
of 784 feet. 

Now the work done — or, as it is sometimes called, the mechanical 
fjf'ect — as before explained, is proportional to the height, and as a 
double velocity gives four times the height, a treble velocity nine 
times the height, and so on, it is perfectly plain that the mechanical 
effect increases as tiie square of the velocity. If the mas*f of the body 
be represented by the letter w, and its velocity by r, then the mechani- 
cal effect would be represented by wr*. In the case considered, I 
have supposed the weiglit to be cast upward, being opfjosed in its 
upward flight by the resistance of gravity; but the same holds true if 
I send the projectile into water, mud, earth, timber, or other resisting 
material. If, for example, yon double the velocity of a cannon-ball, 
you quadruple its mechanical effect. Hence the importance of aug- 
menting the velocity of a projectile, and lienee the philosophy of 
Sir William Armstrong in using a 501b. charge of powder in his 
recent striking experiments. 

The measure then of meclianical effect is the mass of the body 
multiplied by the square of its velocity. 

Now in tiring a ball against a target the projectile, after collision, is 
often found hissing hot. Mr. Fairbairn informs me that in thd experi- 
ments at Shoeburyness it is a common thing to see a flash oflig|ht,eveii 
in broad day, when the ball strikes the target. And if I cxanitine my 
lead weight after it has fallen from a height I also find it heate^. Now 
here experiment and reasoning lead us to the remarkable law that 
the amount of heat generated, like the mechanical effect,., is pro- 
portional to the proiluct of the mass into the square of the velocity. 
Double your mass, other things being equal, and you double your 
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amount of heat ; double your velocity, other things remaining equal, 
and you quadruple your amount of heat. Here then we have common 
mechanical motion destroyed and heat produced. I take this violin 
bow and draw it across tliis string. You hear the sound. That sound 
is due to motion imparted to the air, and to produce that motion a cer- 
tain portion of the muscular force of my arm must be expended. We 
may here correctly say, that the mechanical force of my arm is converted 
into music. And in a similar way we say that the impeded motion of our 
descending weight, or of the arrested cannon-ball, is converted into heat. 
The mode of motion changes, but it still continues motion ; the motion 
of the mass is converted into a motion of the atoms of the mass; and 
these small motions, communicated to the nerves, produce the sensation 
which we call heat. We, moreover, know the amount of heat which a 
given amount of mechanical force can develope. Our lead ball, for 
example, in falling to the earth generated a quantity of heat sufficient 
to raise the temperature of its own mass three-fifths of a Fahrenheit 
degree. It reached the earth with a velocity of 32 feet a second, and 
forty times this velocity would be a small one for a rifle bullet ; muhi- 
plying ^ths by the square of 40, we find that the amount of heat de- 
veloped By tullision with the target would, if wholly concentrated in 
the lead, raise its temperature 960 degrees. This would be more than 
sufficient to fuse the lead. In reality, however, the heat developed is 
divided between the lead and the body against which it strikes ; never- 
theless, it would be worth while to pay attention to this point and to 
ascertain whether rifle bullets do not, under some circumstances, show 
signs of fusion. 

From the motion of sensible masses, by gravity ami other means, 
the speaker passed to the motion of atoms towards each other by chemical 
affinity. A collodion balloon filled with a mixture of chlorine and 
hydrogen w'as hung in the focus of a parabolic mirror, and in the focus 
of a second mirror 20 ft. distant a strong electric light was suddenly 
generated ; the instant the light fell upon the balloon, the atoms within 
it fell together with explosion, and hydro-chloric acid was the result. 
The burning of charcoal in oxygen was an old experiment, but it had 
now a significance beyond what it used to have ; we now regard the act 
of combination on the part of the atoms of oxygen and coal exactly as 
we regard the clashing of a falling weight against the earth. And the 
heat produced in both cases is referable to a common cause. This glow- 
ing diamond, which burns in oxygen as a star of white light, glows and 
burns in consequence of the falling of the atoms of oxygen against it. 
And could we measure the velocity of the atoms when they clash, and 
could we find their number and weight, multiplying the mass of each 
atom by the square of its velocity, and adding all together, we should 
g^t a number representing the exact amount of heat developed by the 
union of the oxygen and carbon. 

Thus far we have regarded the heat developed by the clashing of 
sensible masses and of atoms. Work is expended in giving motion to 
these atoms or masses, and heat is developed. But we reverse this 
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process daily, and by the expenditure of heat execute work. We can 
raise a weight by heat ; and in this agent we possess an enormous store 
of mechanical power. This pound of coal, which I hold in my hand, 
produces by its combination with oxygen an amount of heat which, 
if mechanically applied, would sufRce to raise a weight of 100 lbs. to 
a height of 20 miles above the earth’s surface. Conversely, 100 lbs. 
falling from a height of 20 miles, and striking against the earth, would 
generate an amount of heat equal to that developed by the combustion 
of a pound of coal. Wherever work is done by heat, heat disappears. 
A gun which fires a ball is less heated than one which fires blank 
cartridge. The quantity of heat communicated to the boiler of a 
working steam-engiAe is greater than that which could be obtained from 
the re-condensation of the steam after it had done its work ; and the 
amount of work performed is the exact equivalent of the amount of 
heat lost. Mr. Smyth informed us in his interesting discourse, that we 
dig annually 84 millions of tons of coal from our pits. The amount of 
mechanical force represented by this quantity of coal seems perfectly 
fabulous. The combustion of a single pound of coal, supposing it to 
take place in a minute, would be equivalent to the work of 300 
horses ; and if we suppose 108 millions of horses working day and 
night with unimpaired strength, for a year, tlieir united energies would 
enable them to perform an amount of work just equivalent to that 
which the annual produce of our coal-fields would be able to accom- 
plish. 

Comparing the energy of the force with which oxyeren and carbon 
unite together, with ordinary gravity the chemical afiinity seems almost 
infinite. But let us give gravity lair play ; let us permit it to act 
throughout its entire range. Place a b<^y at such a distance from the 
earth that the attraction of the earth is barely sensible, and let it fall 
to tbe earth from tliis distance. It would reach the earth with a final 
velocity of 36,747 feet in a second ; and on collision with the earth the 
body would generate about twice the amount of heat generated by the 
combustion of an equal weight of coal. We have stated that by falling 
through a space of 16 feet our lead bullet would be heated three-fifths 
of a degree ; but a body falling from an infinite distance has already 
used up 1,299,999 parts out of 1,300,000 of the earth’s pulling power, 
when it has arrived within 16 feet of the surface ; on this space only 
of the whole force is exerted. 

Let us now turn our thoughts for a moment from the earth towards 
the sun. The researches of Sir John Ilei-schel and M. Pouillet have 
informed us of the annual expenditure of the sun as regards heat ; and 
by an easy calculation we ascertain the precise amount of the lexpendi- 
ture which falls to the share of our planet. Out of 2300 million parts 
of light and heat the earth receives one. The whole heat err^tted by 
tlie sun in a minute would be competent to boil 12,000 millions of cubic 
miles of ice-cold water. How is this enormous loss mad# good? 
Whence is the sun’s heat derivecl, and by what means is it maintained ? 
No combustion, no chemical affinity with which we are acquainted 
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would be competent to produce the temperature of the sun’s surface. 
Besides, were the sun a burning body merely, its light and heat would 
assuredly speedily come to an end. Supposing it to be a solid globe of 
coal, its combustion would only cover 4G00 years of expenditure. In 
this short time it would burn itself out. What agency then can pro- 
duce the temperature and maintain the outlay? We have already re- 
garded tlie case of a body falling from a great distance towards the 
earth, and found that tlie lieat generated by its collision would be twice 
that produced by the combustion of an equal weight of coal. How much 
greater must be the heat developed by a body falling towards the sun ! 
The maximum velocity with w'hich a body can strike tlic earth is about 
7 miles in a second ; the maximum velocity with which it can strike 
the sun is 390 miles in a second. And as the heat developed by the 
collision is proportional to the square of the velocity destroyed, an 
asteroid falling into the sun with the above velocity would generate 
about 10,000 times the quantity of heat generated by the combustion of 
an asteroid of coal of the same weight. Have we any reason to believe 
that such bodies exist iii space, and that they may be raining down upon 
the sun ? The meteorites dashing through the air aie small planetaiy 
bodies, dnnv^j by the earth’s attraction, and entering our atmosphere 
with planetary velocity. By friction against the air they are raised 
to incondescence and caused to emit light and heat. At certain seasons 
of the year they shower down upon us in great numbers. In lioston 
240,000 of them were observed in nine hours. There is no reason to 
su|)pose that the planetary system limited to “ vast masses of 
enormous weight;” theie is every reason to believe that space is 
stocked with smaller musses, which obey the same laws as the large 
ones. That lenticular envelope which surrounds the sun, and which 
is known to astronomers as the Zodiacal bglit, is probably a crowd 
of meteors ; and moving as they do in a resisting medium they must 
continually approach the sun. Falling into it, they would be com- 
petent to pnxiuce the heat observed, and this would eun'stitute a 
souice fiom which the annual loss of heat would be mide good. 
The sun, according to this liypothesis, would be continually growing 
larger ; but how' much larger ? Were our moon to fall into the sun it 
would develope an amount of heat sufficient to cover one or two years’ 
loss; and were our earth to fall into the sun a century’s loss would be 
made good. Still, our moon and our earth, if distributed over the sur- 
face of the sun, w'ould utterly vanish from perception. Indeed, the 
quantity of matter com|)eteiit to produce the necessary effect would, 
(luring the range of history, produce no appreciable augmentation in 
the sun’s magnitude. The augmentation of the sun’s attractive force 
would be more appreciable. However this hypothesis may fare as a 
representant of what is going on in nature, it certainly shows how a 
sun might be formed and maintained by the application of known 
thermo-dynamic principles. 

Our earth moves in its orbit with a velocity of 68,040 miles an 
hour. Were this motion stopped, an amount of heat would be de- 
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veloped sufficient to raise the temperature of a globe of lead of the 
same size as the earth 384,000 degrees of the centigrade thermometer. 
It has been prophesied that ‘^the elements shall melt with fervent 
heat.” The earth’s own motion embraces the conditions of fulfilment ; 
stop that motion, and the greater part, if not the whole, of her mass 
would be reduced to vapour. If the earth fell into the sun, the amount 
of heat developed by the shock would be equal to that developed by 
the combustion of 6435 earths of solid coal. 

There is one other consideration connected with the permanence of 
our present terrestiial conditions, which is well worthy of our attention. 
Standing upon one of the London bridges, we observe the current of 
the Thames reversed, and the water poured upward twice a-day. The 
water thus moved rubs against the river’s bed and sides, and heat is the 
consequence of this friction. The heat thus generated is in part radi- 
ated into space, and then lost, as far as the earth is concerned. What 
is it that supplies this incessant loss ? The earth's rotation. Let us 
look a little more closely at the matter. Imagine the moon fixed, and 
the earth turning like a wheel from west to east in its diurnal rotation. 
Suppose a high mountain on the earth’s surface ; on approaching the 
moon's meridian, that mountain is, as it were, laid hold of by the moon, 
and forms a kind of handle by which the earth is pulled more quickly 
round. But when the meridian is passed the pull of the moon on the 
mountain would be in the opposite direction, it now tends to diminish 
the velocity of rotation as much as it previously augmented it ; and thus 
the action of all fixed bodies on the earth’s surface is neutralized. 
But suppose the mountain to lie always to the east of the moon’s 
meridian, the pull then would be always exerted against the earth’s 
rotation, the velocity of which would be diminished in a degree corre- 
sponding to the strength of the poll. The tidal wave occupies this 
position — it lies always to the east of the moon’s meridian, and tluis the 
waters of the ocean are in part dragged as a brake along the surface of 
the earth ; and as a brake they must diminish the velocity of the earth’s 
rotation. The diminution, though inevitable, is, however, too small to 
make itself felt within the period over which observations on the subject 
extend. Supposing then that we turn a mill by the action of the tide, 
and produce heat by the friction of the inilLtones ; that heat has an 
origin totally different from the heat produced by another mill which 
is turned by a mountain stream. The former is produced at the 
expense of tlie eartli’s rotation, the latter at the expense of the sun’s 
radiation. 

The sun, by the act of vaporization, lifts mechanically all the 
moisture of our air. It condenses and falls in the form of rain, — it 
freezes and falls as snow. In this solid form it is pHH upon the 
Alpine heights, and furnishes materials for the glaciers of the Alps. 
But the sun again interposes, liberates the solidifi^ liquid| and permits 
it to roll by gravity to the sea. The mechanical force of every river 
in the world as it rolls towards the ocean, is drawn from the heat of 
the sun. No streamlet glides to a lower level without having been 
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first lifted to the elevation from which it springs by the mighty 
power of the sun. The energy of M'inds is also due entirely to the 
sun ; but there is still another work which he performs, and his 
connection with which is not so obvious. Trees and vegetables grow 
upon the earth, and when burned they give rise to heat, and hence to 
mechanical energy. Whence is this power derived? You see this 
oxide of iron, produced by the falling together of the atoms of iron 
and oxygen ; here also is a transparent gas which you cannot now see — 
carbonic acid gas — which is formed by the falling together of carbon 
and oxygen. These atoms thus in close union resemble our lead weight 
while resting on the earth ; but I can wind up the weight and prepare 
it for another fall, and so these atoms can be wound up, separated 
from each other, and thus enabled to repeat the process of combination. 
In the building of plants carbonic acid is the material from which 
the carbon of the plant is derived ; and the solar beam is the agent which 
tefirs the atoms asunder, setting the oxygen free, and allowing the carbon 
to aggregate in woody fibre. Let the solar rays fall upon a surface 
of sand ; the sand is heated, and finally radiates away as much heat 
as it receives; let the same beams fall upon a forest, the quantity of 
heat giv< 5 n 'Niok is less than the forest receives, for the energy of a 
portion of the sunbeams is invested in building up the trees in the 
manner indicated. Without the sun the reduction of the carbonic acid 
cannot be effected, and an amount of sunlight is consumed exactly 
equivalent to the molecular work done. /I'hus trees are formed ; thus 
the cotton on which Mr. Bazley discoursed last Friday is formed. I 
ignite this cotton, and it flames; the oxygen again unites with its 
beloved carbon ; but an amount of heat equal to that which you see 
produced by its combustion was sacrificed by the sun to form that 
bit of cotton. 

But we cannot stop at vegetable life, for this is the source, 
mediate or immediate, of all animal life. The sun severs the carbon 
from its oxygen; the animal consumes the vegetable thus formed, and 
ill its arteries a reunion of tlie severed elements take place, and produce 
animal heat. Thus, strictly speaking, the process of building a vege- 
table is one of winding up ; the process ol* luiilding an anin al is one of 
running down. The warmth of our bodies, and every mechanical 
energy which w'c evert, trace iheir lineage tlireetly to the sun. The 
fight of a pair of pugilists, tin* motion of an army, or tlie lifting of his 
own body up mountain slopes In au Alpine climber, are all oases of 
mechanical energy drawn from the sun. Not. therefore, in a jHietical, 
but in a purely mechanical sense, are we children of tlie sun. With- 
out food we should soon oxidize our onn bodies. A man weighing 
1 50 lbs. has (34 lbs. of muscle ; but these, when dried, reduce themselves 
to 15 lbs. Doing an ordinary day's woik, for SO days, this mass of 
muscle would be wholly oxidized. Special organs which do iiioie work 
would be more quickly oxidized : the heart, lor example, if entirely 
uiisustained, would be oxidizeii in about a week. Take the amount of 
heat due to the direct oxidation of a given ainoinit of food ; a less 
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amount of heat is developed by this food in the working animal frame, 
and the missing quantity is the exact equivalent of the mechanical work 
which the body accomplishes. 

I might extend these considerations ; the work, indeed, is done to 
my hand— but i am warned that I have kept you already too long. 
To whom tlien are we indebted for the striking generalizations of this 
evening’s discourse? All that I have laid before you is the work of a 
man of whom you have scarcely ever heard. All tliat I have brought 
before you has been taken from the labours of a German physician, 
named Mayer. Without external stimulus, and pursuing his profession 
as town physician in Heilbronn, this man was the first to raise the 
conception of the interaction of natural forces to clearness in his own 
mind. And yet he is scarcely ever heard of in scientific lectures, and 
even to scientific men his merits are but partially known. Led by his 
own beautiful researches, and quite independent of Mayer, Mr. Joule 
published his first Paper on the ‘ Mechanical Value of Heat,’ in 1843 ; 
but in 1842 Mayer had actually calculated the mechanical equivalent 
of heat from data which a man of rare originality alone could turn to 
account. From the velocity of sound in air Mayer determined the me- 
chanical equivalent of heat. In 1845 he published his Memoir on 
‘Organic Motion,’ and applied the mechanical llieoiy of heat in the 
most fearless and precise manner to vital j)rocesses. He also emb aced 
the other natural agents in his chain of conservation. In 1853 Mr. 
Waterston propased, independently, the meteoric theory of the sun’s 
heat, and in 1854 Professor William Thomson applied liis admirable 
matlicmatical powers to the develojmient of the theory ; but six years 
previously the subject had been handled in a masterly riwnner by Mayer, 
and all that I have said on this subject lias been derived from him. 
When we considec the circumstances of Mayer’s life, and the period at 
wliich he wrote, w^e cannot fail to be struck with astonishment at what 
he has accomplished. Here was a man of genius working in silence, 
animated solely by a love of his .subject, and arriving at the most im- 
portant results, some time in advance of tliose whose lives >vere entirely 
devoted to Natural Pliilosophy. It uas tlie accident of bleeding a 
feverish patient at Java in 181() that led Mayer to speculate on tlieso 
subjects. He noticed that the venous blood in the tropics was of a 
much brigliter red than in colder latitudes, and Ids reasoning on this 
fact led him into the laboratory of natural forces, where he has worked 
with such signal ability and success. Well, you will desire to know what 
lias become of this man. His ndnd gave way ; he became insane, and 
he was sent to a lunatic asylum. In a biographical dictionary of Ids 
country it is staled that he died there: but this is incorceet. He re- 
covered; and, I believe, is at this moment a cultivator of\ineyards in 
Heilbronn. 


Jund 20th, 1862. 

While preparing for j)ubJication my last course of lectures on 
Heat, I wished to make myself acquainted with all that Mayer had 
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dorje in connection with this subject. I accordingly wrote to two gen- 
tlemen who above all others seemed likely to give me the information 
which I needed. Both of them are Germans, and lx)th particularly 
distinguished in connection with the Dynamical Theory of Heat. Each 
of them kindly furnished me with the list of Mayer’s publications, and 
one of them was so friendly as to order them from a bookseller, and to 
send them to me. Tliis friend, in his reply to my first letter regarding 
Mayer, stated his belief that I should not find any tiling very important 
in Mayer’s writings ; but before forwarding tlie memoirs to me he read 
them himself. ITis letter accompanying the first of these papers, con- 
tains the following words : — “ I must here retract the statement in my 
last letter, that you would not find much matter of importance in 
Mayer’s writings: I am astonished at the multitude of beautiful and 
correct thoughts which they contain and he goes on to point out 
various imporbmt subjects, in the treatment of which Mayer had an- 
ticipated other eminent writers. My second fiieiid, in whose own 
publications the name of Mayer repeatedly occurs, and whose papers 
containing these references w'ere translated some years ago by myself, 
was, on tlieJOth of last month, unacquainted with the thoughtful and 
beautiful essay of Mayer’s, entitled “Beiiriige zur Dynamik des Him- 
mels;” and in 1854, when Professor William Thomson developed in 
so striking a manner the meteoric theory of the sun’s heat, he was cer- 
tainly not aware of the existence of that e^say, though from a recent 
article in ^ Macmillan’s Magazine ’ I infer that he is now aware of it. 
Mayer’s physiological writings have been referred to by physiologists 
—by Dr, Carpenter, for example— in terms of honourable recognition. 
We have hitherto, indeed, obtained fragmentary glimpses of the man, 
partly from physicists and partly from physiologists ; but his total 
merit has never yet been recognized as it assuredly would have been 
had he chosen a happier mode of publication. I do not think a greater 
disservice could be done to a man of science, than to overstate his 
claims : such overstatement is sure to recoil to the disad\iintage of 
him in whose interest it is made. But when Mayer’s opportunities, 
achievements, and fate are taken into account, 1 do not think that I 
shall be deeply blamed for attempting to place liim in that honourable 
position, which 1 believe to be his due. 

Here, however, are the titles of Mayer’s papers, the perusal of which 
will correct any error of judgment into which I may have fallen 
regarding their author. “ Bemerkungen fiber die Kriifte der unbelebten 
Natur,” Liebig’s Annalen, 1842, Vol. 42, p. 231 ; “Die Organische 
Bewegung in ihrem Zusarnmenhaiige iiiit dem Stoff-wechsel Heil- 
bronn, 1845 ; “ Beitriige zur Dynamik des Himiiiels,” Ileilbronn, 1848 ; 
“ Bemerkungen fiber das Mecbanische Equivalent der Warnte,” Heil- 
bronn, 1851. 

[J. T.] 
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PBOFE£80U OP NATURAL PHILOSOPHy, ROYAL INSTITUTION. 

On Radiation through the Earth's Atmosphere. 


Nobody ever obtained the idea of a line from Euclid’s definition 
that it is length without breadth. The idea is obtained from a real 
physical line drawn by a pen or pencil, and therefore possessing width ; 
the idea being afterwards brought, by a process of abstraction, more 
nearly into accordance with the conditions of the definition. So also 
with regard to physical phenomena; we must help ourselves to a con- 
ception of the invisible by means of proper images derived from the 
visible, afterwards, purifying our conceptions to the needful extent. 
Definiteness of conceptions, even though at some expense to delicacy, 
is of the greatest utility in dealing with physical phenomena. Indeed 
it may be questioned whether a mind trained in physical research, can 
at all enjoy peace, without having made clear to itself some possible 
way of conceiving of those operations which lie beyond the boundaries 
of sense, and in which sensible phenomtma originate. 

When we speak of radiation through tlie atmosjihere, we ought to 
be able to affix definite pliysical ideas, both to the term atmosphere 
and the term radiation. Jt is well known that our atmosphere is 
mainly composed of the two elements, oxygen and nitrogen. These 
elementary atoms may be figured as small spheres scattered thickly in 
the space which immediately surrounds the earth. They constitute 
about 99h per cent, of the atmosphere. Mixed with these atoms we 
have others of a totally different character ; we have the molecules, 
or atomic groups, of carbonic acid, of ammonia, and of aqueous 
vapour. In these substances diverse atoms have coalej^ied to form 
little systems of atoms. The molecule of aqueous vapour, for example, 
consists of two atoms of hydrogen united to one of oxygen ; and they 
mingle as little triads among the monads of oxygen ahd nitrogen, 
which constitute the great mass of the atmosphere. 

These atoms and molecules are separate ; but in what sense? They 
are separate from each other in the sense in which the individual fishes 
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of a shoal are separate. The shoal of fish is embraced by a common 
medium, which connects the different members of the shoal, and renders 
intercommunication between them possible. A medium also embraces 
our atoms ; within our atmosphere exists a second, and a finer atmo- 
sphere, in which the atoms of oxygen and nitrogen hang like suspended 
grains. This finer atmosphere unites not only atom with atom, but 
star with star ; and the light of all suns, and of all stars, is in reality a 
kind of music propagated through this interstellar air. This image 
must be clearly seized, and then we have to advance a step. We must 
not only figure our atoms suspended in this medium, but we must 
figure them vibrating in it. In this motion of the atoms consists what 
we call their heat. “ What is heat in us,” as Locke has perfectly 
expressed it, “ is in the body heated nothing but motion.” Well, we 
must figure this motion communicated to the medium in which the 
atoms swing, and sent in ripples through it with inconceivable velocity to 
the bounds of space. Motion in this form, unconnected with ordinary 
matter, but speeding through the interstellar medium, receives the 
name of Radiant Heat ; and, if competent to excite the nerves of 
vision, we cpll it Light. 

Aqueous vapour was defined to be an invisible gas. Vapour was 
permitted to issue horizontally with considerable force from a tube con- 
nected with a small boiler. The track of the cloud of condensed 
steam was vividly illuminated by the electric light. What was seen, 
however, was not vapour, but vapour condensed to water. Beyond 
the visible end of the jet the cloud resolved itse lf into true vapour. A 
lamp was placed under the jet at various points ; the cloud was cut 
sharply off at that point, and when the flame was placed near the efflux 
orifice the cloud entirely disappeared. 'J'he heat of the lamp completely 
prevented precipitation. This same vapour was condensed and congealed 
on the surface of a vessel containing a freezing mixture, from which 
it was scraped in quantities sufficient to form a small snowball. The 
beam of the electric lamp, moreover, was sent through a large receiver 
placed on an air-pump, A single stroke of the pump caused the 
precipitation of the aqueous vapour witl)in, which became beautifully 
illuminated by the beam ; wliile, upon a screen behind, a richly- coloured 
halo due to diffraction hy the little cloud within the receiver flashed 
forth. 

The waves of heat speed from our earth through our atmosphere 
towards space. These waves dash in their passage against the atoms 
of oxygen and nitrogen, and against the molecules of aqueomi vapour. 
Thinly scattered as these latter are, we might naturally think meanly 
of them as barriers to the waves of heat. We might imagine that 
the wide spaces between the vapour molecules would be an open door 
for the passage of the undulations ; and that if those waves were at all 
intercepted, it would be by the substances W'(*ch form 99^ per cent, of 
the whole atmosphere. Three or four years ago, however, it was found 
by the speaker that this small modicum of aqueous vapour intercepted 
fifteen times the quantity of heat stopped by the whole of the air in which 
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it was diffused. It was afterwards found that the dry air then experi- 
mented with was not perfectly pure, and that the purer the air became 
the more it approached the character of a vacuum, and the greater, by 
comparison, became the action of the aqueous vapour. The vapour 
was found to act with 30, 40, 50, 60, 70 times the energy of the air 
in which it was diffused ; and no doubt was entertained that the 
aqueous vapour of the air which filled the Royal Institution theatre, 
during the delivery of the discourse, absorbed 90 or 100 times the 
quantity of radiant heat which was absorbed by the main body of the air 
of the room. 

Looking at the single atoms, for every 200 of oxygen and nitrogen 
there is about 1 of aqueous vapour. This 1, then, is 80 times more 
powerful than the 200 ; and hence, comparing a single atom of oxygen 
or nitrogen with a single atom of aqueous vapour, we may infer that 
the action of the latter is 1(3,000 times that of the former. This 
was a very astonishing result, and it naturally excited opposition, 
based on tlie philosojihic reluctance to accept a rasult so grave 
in consequences before testing it to the uttermost. From such 
opposition a discovery, if it be worth the name, emerges with its 
fibre strengthened ; as the human character gathers force from the 
healthy antagonisms of active life. It was urged, tliat the result was 
on the face of it improbable ; that there were, moreover, many ways of 
accounting for it, without ascribing so enormous a com])arative action 
to aqueous vapour. For example, the cylinder which contained the 
air in which these experiments were made, was stopped at its ends by 
plates of rocksalt, pn account of their transparency to radiant heat. 
Rocksalt is hygroscopic ; it attracts the moisture of^he atmosphere. 
Thus, a layer of brine readily forms on the surface of a plate of rock- 
salt ; and it is well known tliat brine is very impervious to the rays of 
heat. Illuminating a polished plate of salt by tlie electric lamp, and 
casting, by means of a lens, a magnified image of the plate upon a 
screen, the speaker breathed through a tube for a moment on tlie salt ; 
brilliant colours of tliin plates (soap-bubble colours) flashed forth 
immediately upon the screen — these being caused by the film of 
moisture which overspread the salt. Such a film, it was contended, is 
formed when undried air is sent into the cylinder ; it was, therefore, 
the absorption of a layer of brine which was measured, instead of the 
absorjition of aqueous vapour. 

This objection was met in two ways. Firstly, by showing that 
the plates of salt when subjected to the strictest examination show no 
trace of a film of moisture. Secondly, by abolishing the plates of 
salt altogether, and obtaifiing the same results in a cylinder open at 
both ends. i 

It was next surmised, that the effect was due to the imj^urity of the 
London air, and the suspended carbon particles were pointed to as 
the cause of the opacity to radiant heat. This objection was met by 
bringing air from Hyde Park, Hampstead Heath, Primrose Hill, Epsom 
Downs, a field near Newport in the Isle of Wight, St. Catharine’s Down, 



LIBRARY OF SCIENCE 


425 

and the sea-beach near Black Gang Chine. Hie aqueous vapour of the 
air from these localities intercepted at least severity times the amount 
of radiant heat absorbed by the air in which the vapour was diffused. 
Experiments made with smoky air proved that the suspended smoke 
of the atmosphere of West London, even when an cast wind pours over 
it the smoke of the city, exerts only a fraction of the destructive powers 
exercised by the transparent and irn])aipable aqueous vapour diffused 
in the air. 

The cylinder which contained the air through which the calorific 
rays passed was polished within, and the rays which struck the interior 
surfiice were rellected from it to the thermo-electric pile which mea- 
sured the radiation. I’he following objection was raised : — You per- 
mit moist air to enter your cylinder; a portion of this moisture is 
condensed as a liquid film upon the interior surface of your tube ; its 
reflective power is thereby diminished ; less heat tlierefore reaches the 
pile, and you incorrectly ascribe to the absorjition of aqiH‘ous vapour 
an effect which is really due to diminished reflection of the interor 
surface of your cylinder. 

But why. should the aqueous vapour so condense ? The tube within 
is warmer than the air without, and against its inner surface the rays of 
Jieat are impinging. There can be no tendency to condcnsalion under 
such circumstances. Further, let five indies ofnndried air be sent into 
the tube — that is, one-sixth of the amount which it can contaim These 
five inches produce tlieir projiortionate absorption. The driest day, on 
the driest portion of the earth’s surface, won Id make no a[)proacli to 
the dryness of our cylinder wdieii it contains only five inches of air. 
Make it 10, 15, 20, 25, 30 indies : you obtain an absorption exactly pro- 
portional to tlic quantity of vapour present. It is next to a physical 
impossibility that this could be the case if the eflect were due to conden- 
sation. But lest a doubt should linger in the mind, not only were the 
plates of rock-salt abolished, but the cylinder itself was dispinsed with. 
Humid air was displaced by dry, and dry air by humid iu the free 
atmosphere ; the absorption of tlie aqueous vapour was here manifest, 
as in all the other cases. 

No doubt, therefore, can exist of the extraordinary oj acity of this 
substance to the rays of obscure licat ; and particularly such rays as are 
emitted by the earth after it has been wanned by the sun. It is per- 
fectly certain that more than ten per cent, ot the terrestrial radiation 
from the soil of England is .stopped within ten feet of the surtace of 
the soil. This one fact is suflident to show the iminonse influence which 
this newly-disco\ ered ]>ropcrty of aqueous \ apours must exert on the 
phenomena of meteorology. 

This aqueous vajumr is a blanket more iieccssar}^ to the vegetable 
life of England than clothing is to man. Remove for a single 
summer-night the aipieous vaj)our from the ■ 'v wliich overspreads this 
country, and you would assuredly destroy every plant capable of being 
destroyed by a freezing temiicrature. 'Ihe warmth of our fields and 
gardens would pour itself unrequited into space, and the sun would 
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rise upon an island held fast in the iron grip of frost. The aqueous 
vapour constitutes a local dam, by which the temperature at the 
earth's surface is deepened : the dam, however, finally overflows, and 
we give to space all that we receive from the sun. 

The sun raises the vapours of the equatorial ocean ; they rise, but 
for a time a vapour screen spreads above and around them. But the 
higher they rise, the more they come into the presence of pure space ; 
and wlien, by their levity, they have penetrated the vapour screen, 
which lies close to the earth’s surface, what must occur ? 

It has been said that, compared atom for atom, the absorption of an 
atom of aqueous vapour is 16,0(X) times that of air. Now the power 
to absorb and the power to radiate are perfectly reciprocal and pro- 
portional. The atom of aqueous vapour will therefore radiate with 
IbjOOO times the energy of an atom of air. Imagine then this power- 
ful radiant in the presence of space, and with no screen above it to 
check its radiation. Into space it pours its heat, chills itself, condenses, 
and the tropical torrents are the consequence. The expansion of the air, 
no doubt, also refrigerates it ; but in accounting for those deluges, the 
chilling of tlie vapour by its own radiation must play a most important 
part. The rain quits the ocean as vapour ; it returns to it as water. 
How are the vast stores of heat set free by the change from the 
vaporous to the liquid condition disposed of? Doubtless in great part 
they are wasted by radiation into space. Similar remarks apply to the 
cumuli of our latitudes. The warmed air, charged with vapour, rises 
in columns, so as to penetrate the vapour screen which hugs the earth ; 
in the presence of space, the head of each pillar wastes its heat by 
radiation, condenses to a cumulus, which constitutes the visible capital 
of an invisible column of saturated air. 

Numberless other meteorological phenomena receive their solution, 
by reference to the* radiant and absorbent properties of aqueous vapour. 
It is the absence of this screen, and the consequent copious waste of 
heat, that causes mountains to be so much chilled when the sun is 
withdrawn. Its absence in Central Asia renders the winter there 
almost unendurable ; in Sahara the dryness of the air is sometimes 
such, that though during the day “ the soil is fire and the wind is 
flame,” the chill at night is painful to bear. In Australia, also, the 
thermometric range is enormous, on account of the absence of this 
qualifying agent. A clear day, and a dry day, moreover, are very 
different things. The atmosphere may possess great visual clearness, 
while it is charged with aqueous vapour, and on such occasions great 
chilling cannot occur by terrestrial radiation. Sir John: Leslie and 
others have been perplexed by the varying indications of ^beir instru- 
ments on days equally bright — but all these anomalies are! completely 
accounted for by reference to this newly-discovered propei^ty of trans- 
parent aqueous vapour. Its presence would check the earth's loss ; 
its absence, without sensibly altering the transparency of the air, would 
open wide a door for the escape of the earth’s heat into iniinitude. 

[J. T.] 



Friday, March 6, 1863. 


Sir IlENnT Holland, Bart. M.D. D.C.L. F.R.S. Vice-President, 

in the Chair. 


William Allen Miller, M.D. Treasurer R.S. 

On the Photographic Transparency of Bodies, and on the Photo^ 
graphic Spectra of the Elementary Bodies, 

After a few preliminary remarks upon the triple nature of the force, 
calorific, luminous, and chemical, associated together in the radiation 
which emanates from luminous sources, the speaker stated his inten- 
tion of limiting himself in great measure to some recent investigations 
upon the chemical rays.* 

It is well known that bodies which are transparent to light are not 
equally so to radiant heat. Glass, for example, which to the eye is 
perfectly transparent and limpid, arrests a large portion of the rays of 
heat emitted by bodies which are not sufficiently hot to become 
luminous. Pure rock-salt, on the other hand, transmits rays of both 
light and heat from all sources freely. In like manner, in the case of 
rays which produce chemical action, corresponding effects liave been 
observed ; glass absorbing many of the chemical rays, whilst quartz 
transmits such rays freely. 

The chemical rays emitted by luminous objects vary greatly both in 
quantity and in quality, some sources of light emitting rays of much 
higher refrangibility than others. Thms, the flame of ordinary coal- 
gas burned in admixture with air, so as to produce the blue light of a 
smokeless gas flame, gives out scarcely any rays capable of aftecting 
an ordinary photographic plate ; whilst the same amount of gas, burned 


♦ The expressions here employed are simply used as descriptive of the effects 
ordinarily produced by the different portions of the spectrum, not as noe«‘ssarily 
implying that the rays which produce the effcv - of heat, light, and chemical 
action respectively are essentially different, except in the number and frequency 
of the vibrations by which they are produced, the most refrangible rays being 
produced by the shortest and most frequent vibrations. 
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in the ordinary manner for illumination, emits a very decided though 
limited amount of rays capable of producing chemical action. The 
rays emanating from the intensely hot jet of the oxyhydrogen flame, 
are nearly without action upon a sensitive surface of collodion ; whilst if 
thrown upon a ball of lime, the light then emitted contains as large a 
proportion of chemical rays as the solar light, and of very nearly the 
same refrangibility. But the most remarkable source of the chemical 
rays is afforded by the light of the electric spark or of the voltaic arc, 
the chemical spectrum of which is three or four times as long as the 
chemical spectrum obtainable from the sun itself. 

1. Photographic Transparency of various Media , — Amongst the 
methods of testing the extent of chemical action of any given radiant 
source, the most convenient is that which is dependent upon the 
extent of photographic effect exerted upon a surface of collodion coated 
with iodide of silver, on which the spectrum is allowed to fall. 

In no case does it appear that any non-luminous source can emit 
chemical rays of sufficient intensity to traverse ordinary refracting 
media ; and amongst the rays given off by various luminous objects, it 
is found that the chemical effects upon the collodion plate are not per- 
ceptible in those portions upon which the first three-fourths of the 
visible spectrum has fallen, but they commence powerfully in the last 
fourth; and in the case of the electric spark are prolonged to an extent 
equal to between four and five times the length of the visible portion. 

A diagram exhibiting the relative lengths of the visible solar spec- 
trum, and the photographic spectrum obtained from the electric spark 
between silver points, showed this fact in a striking may|ier. 

It was known to those who have studied the spectrum, that many 
colourless substances besides glass exert an absorptive action upon some 
of these chemical rays ; but the subject had not hitherto received that 
careful experimental examination which its importance seems to war- 
rant. Exact knowledge upon these points became requisite in the course 
of an iuvestigallou upon the photographic spectra of the metals in 
which the speaker was engaged. 

In the prosecution of these inquiries it was a desideratum to pro- 
cure some substance which should possess a higher dispersive power 
than quartz, and which, whilst avoiding the double refraction of quartz, 
should yet allow the free passage of the chemical rays. The speaker 
was hence led to try a variety of substances which, owing to tlieir trans- 
parency to light, might reasonably be hoi)ed to possess chemical trans- 
parency also. 

The inquiry soon extended itself beyond the limits originally pro- 
posed, and ultimately embraced a large number of bodies io the solid, 
liquid, and gasH>us conditions. j 

Before, however, proceeding to detail the results obtained, the 
speaker alluded to the discovery of Professor Stokes, that many bodies 
exist which, when placed in the invisible extra-violet, or more refran- 
gible portion of the spectrum, exhibit the remarkable power of absorbing 
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the ray8 of this portion, and radiating them forth again in a visible 
form. Bodies which possess this power Mr. Stokes termed fltuyrescenL 
Now the chemical rays are exactly those which occasion fluorescence 
most powerfully. The light thus rendered visible is, however, very 
feeble, compared with that of the ordinary luminous portions ; yet it 
may be rendered distinctly visible to those who are sufficiently near by 
allowing this chemically active portion of the spectrum to fall upon a 
screen consisting of some fluorescent substance, such as one of the salts 
of uranium, or a solution of aesculln, which latter was the material 
employed on the present occasion. 

Returning then to the course of his own experiments, the speaker 
stated that although he had found in rock-salt, fluor-spar, water, and 
some few other substances, compounds which were almost as diactinicj 
or chemically transparent as quartz, he had not succeeded in flnding 
anything which could be advantageously substituted for quartz in the 
preparation of the prisms and lenses required in the investigations in 
which he was engaged. 

Amons the most remarkable results upon the photographic trans- 
parency of " bodies which had been observed by the speaker in his re- 
searches, were the following : — 

1 . Colourless solids which are equally transparent to the visible 
rays, vary greatly in permeability to the chemical rays. 

2. Bodies which are photographically transparent in the solid form, 
preserve their transparency in the liquid and in the gaseous states. 

3. Colourless transparent solids which absorb the photographic rays, 
preserve their absorptive action with greater or less intensity both in 
the liquid and in the gaseous states. 

4. Pure water is photographically transparent, so that many 
compounds which cannot be obtained in the solid form sufficiently 
transparent for experiments, may be subjected to trial in solution in 
water. 

The mode in which the experiments were conducted was the fol- 
lowing ; — 

The source of light employed was the electric spark obtained 
between two metallic wires, generally of fine silver, connected with the 
terminals of the secondary wires of an induction coil, into the primary 
circuit of which was introduced a condenser, and into the secondary 
circuit a small Leyden jar. The light of the sparks was then allowed 
to fall upon a vertical slit, either before or after traversing a slice or 
stratum of the material of which the electric transparency was to be 
tested ; the transmitted light was then passed through a quartz prism, 
placed at the angle of minimum deviation. Immediately behind this 
was a lens of rock crystal, and behind this at a suitable distance 
the spectrum was received upon the sensitive surface of collodion. 
Liquids were contained in a small glass cell with quartz faces, and 
gases and vapours in long tubes closed at their extremities with thin 
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plates of polished quartz. The following tables exhibiting the relative 
diactinic power of various solids, liquids, and gases and vapours were 
then commented on. 


Photooeaphio Transparency op 


SOLIDS. 

Rock Crystal .... 74 

Tee 74 

Fluor Spar 74 

Topaz 65 

Rock Salt 63 

Iceland Spar .... 63 
Sulphate of Magnesia 62 

Borax 62 

Diamond ....«• 62 
Bromide of Potassium 48 

Thin Glass 20 

Iodide of Potassium . 18 

Mica . 18 

Nitrate of Potash • . 16 


LIQOIDS. 


Water 74 

Alcohol 63 

Chloroform . . • • 26 

Benzol 2l 

Wood Spirit .... 20 

Ether 16 

Acetic Acid . • . . 16 


Oil of Turpentine • . 8 

Bisulphide of Carbon . 6 


GASES AND VAPOUBS. 

Oxygen 

Nitrogen ...... 

Hydrogen 

Carbonic Acid . • • 
Olefiant Gas .... 
Marsh Gas . . . • 

Coal Gas 

Benzol Vapour . . • 
Hydrochloric Acid • 
Hydrobromic Acid . 
Hydriodic Acid . . . 
Sulphurous Acid . . 
Sulphuretted Hydro- 
gen 


74 

74 

74 

74 

66 

63 

37 

35 

55 

23 

15 

14 

14 


The effects indicated in these tables were rendered visible to the 
audience, by illuminating the photographic negative of the electric 
sparks from silver points by the light of the electric lamp, and bringing 
the image to a distinct focus upon the screen by means of a con- 
densing lens. 

Each photograph was obtained under circumstances varying only 
in the nature of the transparent medium through which the rays of the 
spark from the silver points were made to pass, before they were 
allowed to fall upon the collodion plate. When absorption occurs, it is 
almost always exhibited upon the most refrangible rays ; but in the ciise 
of the coloured gases and vapours, chlorine, bromine, and iodine, the 
absorption differs from the general rule, and is by no means propor- 
tioned to the depth of colour. A column of chlorine with its yellowish 
green colour cuts off the rays of the less refrangible extremity through 
fully two-thirds of the spectrum ; the red vapour of bromine cuts off 
about one-sixth of the length of the spectrum, the absorbent action 
being limited to the less refrangible extremity, whilst the deep violet- 
coioured vapours of iodine allow the less refrangible rays to pass 
freely for the first fourth of the spectrum ; then a considerable absorp- 
tion occurs, and allerwards a feeble renewal of the photographic action 
is exhibited towards the more refrangible end. 

Diactinic bases, when united with diactinic acids, usually furnished 
diactinic salts ; but such a result was not uniformly obseh^ed ; the 
silicates were none of them as transparent as silica itself in t^ form of 
rock crystal. Again, hydrogen is eminently diactinic, iodine 
vapour, notwithstanding its deep violet colour, is also largely , diactinic ; 
but hydriodic acid gas is greatly inferior to either of them. 

The same substance, however, wliatever may be its phy ideal form, 
whether solid, liquid, or gaseous, preserves its character ; no chemically 
opaque solid, though transparent to light, becoming transparent pho- 
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tographically by liquefaction or volatilization; and no transparent, 
solid being rendered chemically opaque by change of form. Hence 
it is obvious that this opacity or transparency is intimately connected 
with the atomic or chemical character of the body, and not merely with 
its state of aggregation. Although the absorption of the chemical rays 
varies greatly in the different gases, which therefore in this action dis- 
play an analogy to their effects upon radiant heat, yet those gases 
which absorb the rays of heat most powerfully are often highly trans- 
parent to the chemical rays, as is seen in the case of aqueous vapour, 
of carbonic acid, cyanogen, and olefiant gas, all of which are compound 
substances, not chemical elements. These observations were con- 
sidered by the speaker as opposed to the view of Dr. Tyndall, that 
compounds, as compounds, act more energetically than elementary 
bodies in absorbing the heat-rays, owing to the greater inertia of the 
particles of compounds. Any physical cause of this kind ought, 
however, to enable such bodies to act equally as absorbents of the 
luminous and chemical rays. 

In the case of reflection from polished surfaces, the metals were 
found to ,vary in the quality of the rays reflected ; gold and lead, 
although not the most brilliant, reflecting the rays more uniformly 
than the brilliant white surfaces of silver and speculum metal. 

2. Photographic Spectra of the Elements . — But the most interest- 
ing results are those obtained by examining the spectra produced by vary- 
ing the nature of the metallic electrodes employed as terminals to the 
secondary wires of the induction coil. Professor Wheatstone showed 
twenty-eight years ago that the visible spectrum of each metal is per- 
fectly characteristic when electromagnetic sparks are transmitted 
between two surfaces of the metal ; and the same thing is equally true 
of the invisible portion of the spectrum. 

Even the various gaseous media become so intensely heated by the 
passage of the electric spark, that they furnish photographic spectra, 
each of which is characteristic of the body which occasions it ; and 
when tlie electric discharge of the secondary coil becomes intensified 
by use of the Leyden jar, the sparks not only produce the spectra due 
to the metals, but to the gaseous medium in which the electrodes are 
immersed ; so that a mixed spectrum is the result. The spectra pro- 
duced by the metals are characterized by bands, of which the 
extremities only are visible; whilst the gaseous spectra yield con- 
tinuous lines, which traverse the whole width of the 8[)ectrum. When 
a compound gas is made the medium of the electric discharge, the 
spectra produced are tliose of the elementary components of the gas. 
It seems as though at these intense temperatures chemical combina- 
tions were impossible ; and oxygen and hydrogen, chlorine and the 
metals probably might all coexist in a se^tarate form, though mecha- 
nically intermingled. 

The spectrum produced by the ignition of a solid or a liquid 
always yields a continuous band of light, containing rays of all degrees 
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of refrangibility ; but the same body, when converted into vapour, 
usually produces a spectrum consisting of a series of bright bands of 
particular colours, separated from each other by intervals more or less 
completely dark, gaseous bodies emitting rays of certain definite refran- 
gibility only. 

From the striped character of the photographic spectra, it is 
obvious that the vibrations are emitted from the different metals in the 
form of vapour, and not merely in that of detached particles projected 
from the electrodes by disruptive discharge. 

This observation may give some idea of the intensely high tem- 
perature attained by the spark ; since it is uniformly observed that the 
higher the temperature, the more refrangible are the vibrations. We 
are, indeed, furnished in this case with a rude, but still, under the 
circumstances, with a valuable pyrometric means of estimating these 
exalted temperatures. 

To give an illustration of the mode of applying the observation : 
The hottest wind-furnace of ordinary construction yields a tem|)era- 
ture probably not much exceeding 4,500^ F. By calculations founded 
upon the amount of heat ascertained by Andrews and others to be 
emitted during the combustion of a given weight of hydrogen, and the 
experiments of Regnault upon the specific heat of oxygen, hydrogen, 
and steam, it has been shown by Bunsen that the temperature of the 
oxy hydrogen flame cannot exceed 14,580” F. The speaker stated that 
he had obtained spectra by introducing lime and sulphate of magnesia 
into the oxyhydrogen jet : these incombustible materials therefore 
could not be heat^. by the burning gases to a higher point than 
14,600® F., but the spectra so obtained coincide in theij photographic 
lengths with that of the solar spectrum. Hence, the temperature of 
the sun may be approximatively estimated to be not higher than that 
of the oxyhydrogen dame. It certainly appears to be far below that 
of tlie electric spark. Magnesium in the electric spark gives a 
remarkably strong band just beyond the limits of the solar spectrum. 
Now magnesium is as clearly proved to exist in the solar atmosphere 
as any element, if we be admitted to have any such proof at all. 
But inasmuch as the special band which characterizes magnesium at a 
high temperature in the electric spark is wanting in the solar spectrum, 
it is difRcult to avoid the conclusion that the temperature of the solar 
atmosphere is below that generated by the electric spark. 

The speaker then adverted to Kirchhoffs well-known theory of 
the origin of Fraunhofer’s dark lines in the solar spectrum, based on 
the observation that when any substance is heated or rendered lumi- 
nous, rays of a definite refrangibility are given out by it ; whilst the 
same substance, vapour, or gas, has the power of absorbing rays of 
this identical refrangibility. Now KirchhofF supposes tfiat in the 
luminous atmosphere of the sun the vapours of various metals are pre- 
sent, each of which would give its characteristic system of bright lines ; 
but behind this incandescent atmosphere containing metallic va|X)ur 
is the still more intensely heated solid or liquid nucleus of the sun, 
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which emits a brilliant continuous spectrum, containing rays of all 
degrees of refrangibility. When the light of this intensely heated 
nucleus is transmitted through the incandescent photosphere of the 
sun, the bright lines which would be produced by the pnotosphere are 
reversed^ and Fraunhofer’s black lines are therefore tiie reversed 
bright lines of which the spectrum due to the gaseous atmosphere of 
the sun would consist if the intensely heated nucleus were no longer 
there. 

From his observations KirchhofT concluded, by a comparison of 
the bright lines in the spectra of various metals with the dark lines of 
the solar spectrum, that potassium, sodium, magnesium, calcium, 
iron, nickel, chromium, manganese, and possibly cobalt, were present 
in the sun’s atmosphere ; and Angstroo], continuing the examination 
into the blue and violet extremity, believes that he has shown the 
existence of hydrogen, aluminum, and possibly of strontium and barium. 
Diagrams were exhibited, showing some of the solar lines according 
to the observations of KirchhoB' and Angstrom, from which it appears 
that 

B -corresponds to potassium. 


c 


hydrogen. 

D 


s(klium. 

E 


iron. 

b 


iron and magnesium. 

F 


strontium (?) and iron and hydrogen 

G 


iron. 

H 


calcium. 


These observations on the solar spectrum give great interest to 
similar observations up(m the stars, llie light of wliich, liowever, 
is so feeble as to render the investigation of their spectra a task 
of no ordinary delicacy. E'raunhofer examiiicd four or live of the 
brightest sUirs, and considered that the light of Sirius and Castor 
had lines differing decidedly from that of the sun, Capellu and 
OL Orioiiis resembled the solar light mure closely. Donati has since 
examined several of the brighter stars, and given a drawing of some of 
their lines. The speaker had recently, conjointly with his friejid, Mr. 
Huggins, been pursuing the same investigation with the excellent 
eight-inch ecpiatorial refractor of the latter, and they had obtained 
some interesting results, having measured the principal lines in 
Sirius, Betelgeus, and Aldebaraii, a diagram of which was exhibited, 
showing a more detailed spectrum of each of these stars than had 
been given by any previous observer, lie also projected on the screen 
a microscopic photograph of the spectrum of Sirius that his friend 
and he had succeeded in obtaining. Ihe light of tliisstar, from the 
measurements of Sir J. llerschel and Mr. Bond, is little more than 
the one-six-thousandth-milliontb part of that of tlie sun ; and althougli 
probably not less in size than sixty of our suns, is estimated at the 
incouceivablo distance of more than one hundred and thirty millions of 
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millions of miles. And yet it is influencing, in a measure, the 
chemical changes which are perpetually occurring upon the earth’s 
surface, and by suitable means the changes may be recorded, estimated, 
and measured — the force which was registered by the photograph 
having emanated from Sirius twenty-one ^ears before I 

Capella, which Admiral Smyth estimates at more than three 
times the distance of Sirius, also gave a photograph, when its spectrum 
was thrown upon a collodion plate, the effect being produced by rays, 
which left the star probably when the oldest person in the room was 


yet a boy. 


[W. A. M.] 



Friday, March 20, 1863. 


Major-General Edward Sabine, R.A. President R.S. D.G.L. 
Vice-President, in the Chair. 


Balfour Stewart, Esq. F.R.S. 

On the Forces concerned in producing Magnetic Disturbances. 

When a bar of steel has been magnetized, it has acquired a tendency 
to assume a definite position with respect to tlie Earth, Nothing is 
more widely known than this important fact, but at the same time 
there is nothing in Science more mysterious than its cause. We may 
endeavour, to explain it by asserting that the Earth acts as a magnet ; 
but whence it has acquired this magnetism, how it is distributed, and 
what are the causes of its many clianges, are amongst the most per- 
plexing and the most important of those problems in physical science 
which are yet unsolved. 

The force with which the Earth acts upon the needle is directive 
merely ; that is to say, the needle is neither attracted nor repelled as a 
whole, but simply twisted round, and in this respect the Earth is 
similar to a very powerful magnet, the pole of which is placed at a 
great distance from the needle upon which it acts. 

If we keep a magnetic bar constantly suspended in the same place, 
its position will be subject to many changes. In the first place, there 
is that change which goes on in the same direction for a great many 
years together, in virtue of which a needle suspended in this place 
200 years ago would have assumed a position very much diderent from 
its present one. Secondly, there is a change of which the period ie 
one year, and this is called the annual variation. Thirdly, there is a 
change of which the period is one day, and which is called the daily 
variation. Fourthly, there is a change which depends upon the 
moon’s hour angle ; and, fifthly, the ne^le is subject to sudden and 
abrupt changes in position, which are called magnetic storms and which 
form the subject of this discourse. During the prevalence of tliese 
unaccountable phenomena the neeille is found to oscillate rapidly and 
capriciously backwards and forwards, being now on the one side and 
now on the other of its normal or undisturbed position. 

It should be here remarked, that the Physicist regards the needle 
merely as a vane (similar to a wind-vane which serves to render 
visible the direction and intensity of that mysterious force which 
operates through the Earth. It is really the Earth’s magnetism with 
which he concerns himself. 
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Gauss, who has done so much to further the science of magnetism, 
showed, by means of a preconcerted system of observation, that mag- 
netic storms affected the needle at Gottingen and at other stations in 
Europe at precisely the same moment of absolute time ; and after the 
establishment of the colonial observatories, it was found by General 
Sabine that the needle was affected in Toronto at precisely the moment 
when it was disturbed at Gottingen. Nor is it too much to say, with 
our present knowledge, that these remarkable disturbances break out 
at the same moment over every portion of our globe. 

Having thus shown that these phenomena are cosmical in their 
character, the next point of interest is their connection with the sun. 
This has been placed beyond doubt chiefly through the labours of 
General Sabine, who found at Toronto and elsewhere that magnetic 
disturbances obey a law of hours. Mr. Broun also showe<l the same 
thing from his observation of the needle at Makerstoun, in Scotland. 
It may be instructive to point out how this proof was deduced from 
the colonial observations ; and to make the matter plain, let us refer 
to an imaginary case in the familiar science of meteorology. Suppose 
that, while an observer is matching his thermometer there is a sudden 
influx of cold weather, and that it is wished to estimate the influence 
of this upon tlie thermometer on a given day and at a given hour of 
that day, what must the observer do? He must endeavour to ascer- 
tain, by the best possible means, what indication the tliermomcter 
would have afforded at that specified day and hour had there been no 
cold weather. Comparing this with the actual height of the mercury, 
and deducting the one from the other, he would clearly obtain a 
measure of the effect of the cold weather upon the theriaonieter. 

A similar course was pursued by General Sabine in discussing the 
colonial magnetic observations, with the object of detiucing the laws 
of disturbances. If was first necessary to ascertain by the best j)ossible 
means what position the magnet would have assumed at any particular 
day and hour, had there been no disturbance. Calling this the 
normal value, the next course was to group together as disturbt‘d, all 
those positions of the magnet which differed from the normal by more 
than a certain small quantity. The necessity for this separation will 
become evident when it is remarked that the disturbed and the regular 
observations have different hourly turning - points, and obey very 
different laws. Thus a disentanglement was effected, which was 
accomplished by the employment of a separating value. The selection 
of this value is to some extent arbitrary, but it was shown by reference 
to a diagram that the disturbance law at Kew was virtually the .•^ame, 
whether this were deduced (in the case of the declination^) from 95 
days of principal disturbances or from all disturbed observations which 
differ from the noimal by more than 3'’3. It was also shown from the 
same diagram that easterly disturbances prevail at Kew during certain 
hours of the day, and westerly disturbances at certain other hours, thus 
exhibiting a daily law, and showing that disturbances are therefore 
connected with our luminary. 
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There is, however, a more interesting and mysterious connection 
than this. Professor Schwabe, of Dessau, has now for nearly forty 
years been watching the disc of the sun, and recording the groups of 
spots which have been visible, and lie finds that these have a period 
of maximum nearly every ten years, two of these periods being the years 
1848, 1859. Now it was likewise found by General Sabine, that the 
aggregate value of magnetic disturbances at 1 oronto attained a maxi- 
mum in 1848, nor was he slow to remark that this was also Schwabe’s 
period of maximum sun-spots, and it was afterwards found, by obser- 
vations made at Kew, that 1859 (another of Schwabe’s years) was 
also a year of maximum magnetic disturbance. This fact is eminently 
suggestive, and brings us at once into the presence of some great cosmical 
bond, different from gravitation, adding at the same time additional 
interest as well as mystery to these perplexing phenomena. 

These are the grounds on which we su*‘pect the sun to be the agent 
which causes magnetic disturbances, but there is also some reason to 
believe that on one occasion our luminary was caught in the very act. 
On the first of September, 1859, two astionomers, Messrs. Carrington 
and Hodgson, were independently obM'rving the sun’s disc, which 
exhibited at that time a very large spot, when about a quarter-past 
eleven they notictni a very blight star of light suddenly break out over 
the spot and move with great velocity across the sun’s surface. 

On I^lr. Carrington sending afterwards to Kew Observatory, at 
which place the position of the magnet is recorded continuously by 
photography, it was found that a magnetic disturbance had broken out 
at the >ery moment when this singular appearance had been observed. 

The next point to be noticed is, tlmt magnetic storms are always 
accompanied by auroras and by earth currents. With regard to the 
latter of these phenomena, a single word of explanation may be neces- 
sary. Earth currents are currents of electricity which traverse the 
surface of our globe, a portion of which is caught up by the telegraphic 
wires, which are often thereby seriously disturbed in their communica- 
tions. A table was then referred to, wdiich showed that aurorae and 
earth currents have the same ten-yearly period as sun-spots and mag- 
netic disturbances, so that a bond of union exists between those four 
phenomena. 

The question next arisas, What is the nature of this bond ? Now, 
with respect to that which connects sun-spots with magnetic distur- 
bances we can as yet form no conjecture ; but we may, perhaps, venture 
an opinion regarding the nature of that which connects together 
magnetic disturbances, aurorae, and earth currents. And here we may 
remark that this latter bond is the more definitely determined of the 
two, since the three phenomena which it embraces invariably occur 
together. 

In order to exhibit the evidence upon which this hypothesis rests, 
it is necessary to refer to what is done at the Kew Observatory. 

By means of an apparatus arranged by the late Mr. Welsh, the 
values of the components of the earth s magnetism, are there recorded 
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continuously by photography. Now there is a proposition which goes by 
the name of the parallelopiped of forces and which asserts that if three 
forces acting at a point be represented in magnitude, and in direction 
by the three sides of a parallelopiped, the resultant of these forces shall 
be represented in magnitude and direction by the diagonal of the 
parallelopiped. These three forces may be said to be components of 
the whole resultant force, since the joint action of the three is the same 
as that of the resultant. 

To refer to a familiar case, suppose that there is a gust of wind 
which (as sometimes happens) is not horizontal, but blows downwards 
in a slanting direction from above. How shall we estimate the 
direction and the force of this wind ? Let us have three pressure plates, 
one north and south, one east and we»t, and one up and down ; then the 
north and south component of the wind will be given by the first, the 
east and west component by the second, and the up and down component 
by the third, and exliibiting the indications of these three pressure-plates 
by the three sides of a parallelopiped, the diagonal will represent the wind 
in magnitude and in direction. 

Something of this kind mu'^t be done, if it be wished to record 
the disturbing force which acts upon the needle. Let there be 
three magnets free to move, two in a horizontal plane and one in 
a vertical direction ; one swinging freely and pointing to magnetic 
north and south, one compelled by torsion to point to magnetic 
east and west, and a third balanced on a knife-edge so as to move 
up and down; the first will be sensitive to an east and west dis- 
turbing force, which will act at right angles to it, and tend to twist it 
round ; the second will on the other hand be affected by a north and 
south force, and the third by a vertical force. It is easily seen how 
these three magnets will take the place of the three pressure plates, 
in the meteorological problem. Now if a mirror be attached to each 
of these magnets, it may be made to reflect tlie image of a dot of light 
upon a sheet of photographic paper, so that a small motion of the 
mirror shall cause a large motion of the dot, and if the paper itself 
move by clock-work, in a direction at right angles to that in which the 
dot niovcb on the paper, the photographic impression of the dot during 
a day’s motion of the paper will be a curved line, and this being 
obtained for each of the three m.agnets, we shall be able to record 
continuously the changes which are taking place in the three components 
of the earth’s magnetic force. 

Reference was then made to a diagram in which these thrfee curved 
lines were exhibited for JSeptember 1-2, 1859; and it was seen that 
about four o’clock in the early inoming of September 2, the three 
components of the earth’s magnetism at Kew were simultan^usly and 
abruptly disturbed, and were kept at one aide of their normal or undis- 
turb^ positions for many hours. During this time there Were vivid 
auroTce which extended over the greater part of the globe, and even to 
as low a latitude as Cuba, and strong earth currents were also observed by 
Mr. C. V. Walker, on the various telegraphic lines. These currents were 
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found to change their direction every two or three minutes, going alter- 
nately from positive to negative, and back again to positive. It is there- 
fore evident that currents varying in this manner could not have been the 
cause of magnetic disturbances in which the needle was kept on one side 
of its nominal position for many hours. But the curves of magnetic dis- 
turbance further exhibit sharp peaks and hollows, or wavelets, superim- 
posed upon the great disturbance wave, and these wavelets change their 
direction every two or thre minutes, in which respect they ai*e compa- 
rable with earth currents. May not these wavelets be connected with 
earth currents and aurorae, and may not this connection be of the fol- 
lowing kind ? A peak denotes a small but rapid cliangc of the earth’s 
magnetic force in one direction, and a hollow, a similar change in the 
opposite direction. Now in a KuhinkorH‘’s coil we have — 1st, a soft iron 
core, with a current circulating round it ; 2nd, an insulator round the 
current ; 3rd, a secondary coil above the insulator, containing perhaps 
several miles of fine wire. Jn this arrangement we have a discharge 
between the terminals of the secondary coil every time contact with the 
primary current is made, and one of an opposite character every time 
this contact broken. 

But tfie chief use of the primary current is to reverse the magnetism 
of the iron core, and could we reverse this, or even change it rapidly 
without a primary current, we should have the same effect, that is to 
say, we should have a secondary current in one drreclion, when the mag- 
netism of the core was rapidly increasr^d, and one an opposite direction, 
when this was rapidly diminished. An experiment was made, showing 
the mode of action of the Ruhmkorff’s coil, and the following comparison 
was instituted between this instrument and our earth. The body of 
our earth nraybe likened to the soft iron core of a Ruhmkorff’s machine, 
in which one of tlie small curve-peaks already alluded to denotes a 
rapid change of magnetism in one direction, and a hollow, a change of 
the oppasite character. The lower strata of the atmosphere again 
resemble the insulator of the Ruhmkorft’s machine, and the upper and 
rarer strata, the secondary conductor ; again, the crust of the earth 
being permeated with moisture, becomes a conductor, and may therefore 
also be likened to the secondary coil. Whenever therefore we have a 
curve-rise, that is to say, a sudden change of tlie earth's magnetism in 
one direction, we should liave in the upper strata of the atmosphere 
and in the crust of the earth currents of one kind ; and when we have 
a curve-fall or a sudden change of magnetism in the opposite direction, 
we should have similar currents of an opposite description. 

It need hardly be remarked, that those currents which take place in 
the upper strata of the atmosphere will form aurorse, wliile those in the 
crust of the earth will constitute earth currents. 

Now, if this be the nature of that conuection which subsists between 
magnetic disturbances, earth currents, and ,«urora?, may we not extend 
our inquiries, and ask, “ If the sun’s action is able to create a terres- 
trial aurora, why may he not also create an aurora in his own atmo- 
sphere? It occurrecl independently to General Sabine, Professor 
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Challis, and the speaker, that the red flames visible during a total 
eclipse may, indeed, be solar aurorae. In support of this hypothesis 
it may be remarked that, during the late total eclipse in Spain, Mr. 
De la Rue, by means of the Kew photoheliograph, proved that these 
red flames belong to the sun, and that they extended in one 
case to the distance of 70,000 miles beyond his photosphere. But, 
considering the gravity of the sun, we are naturally unwilling to 
suppose that there can be any considerable amount of atmosphere at 
such a distance from his surface ; and we are therefore induced to 
seek for an explanation of these red flames amongst those pbenomena 
which require the smallest possible amount of atmo'^phere for their 
manifestation. Now the experiments of Mr. Ga‘;siot, and the observed 
height of the terrestrial aurora alike convince us that this meteor will 
answer our requirements best. And besides this, the curved appearance 
of these red flames, and their high actinic power in virtue of which one 
of them, not visible to the eye, was photographed by Mr. De la Rue, 
are bonds of union between these and terrestrial aurorae. 

It has been remarked by General Sabine, that an auroral outburst 
in the sun may perhaps be responded to simultaneously by the different 
planets. If tlii^ be true, our whole solar system would seem to thrill 
almost like a living being under the excitement of this mysterious force. 
It has been likevv ise found by Mr. Gassiot, that electricity cannot pass 
through a perfect vacuum, so that perhaps we have only to observe the 
greatest height attained by a terrestrial aurora and by a solar red flame, 
in order to be able to assign the limit, not only of our own atmosphere, 
but also of that of our luminary. 

One other point remains to be noticed in connectior>^vith magnetic 
disturbances, and this is, that there appear to be two separate disturbing 
forces, nearly opposite in character, both connected with the sun, which 
act simultaneously upon the magnet; the position which the latter as- 
sumes being due to the combined effect of both. This has been shown 
to be true by General Sabine, who has observed that the curve which 
exhibits the daily range of the east component of the disturbing force, 
is in many places very different in character from that which exhibits 
the same for the wast component. And this difference between the 
two curves is of one kind at one station, and of another kind at another 
station. This duality of the disturbing forces may also be observed 
directly in the Kew disturbance-curves. Here it was shown, by means 
of models, kindly constructed by Mr. Beckley, and also by reference to 
the parallelepiped of forces, that whenever the corresponding peaks 
and hollows for the different components continue to bear, a definite 
proportion to one another, these then denote the action of a ^disturbing 
force, varying in intensity, but always preserving the same t^pe. 

A set of curves were exhibited in which this proportion held, and in 
which the disturbing force, whose variations were denoted by the peaks 
and iiollows, was one which affected the north and south Component 
twice as much as the other two. It was then shown by reference to 
the normal line, or line of no disturbance, that there was also in action 
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at that time another disturbing force, which was not however of the 
same variable character as that which caused the peaks and hollows. 

The attention of foreign men of science has been much directed to 
the problem of terrestrial magnetism, and live sets of magnetographs, 
similar to those in operation at the Kew Observatory, have been already 
procured by foreign governments. These, however, will be placed 
in the northern hemisphere, and it is to be desired that some of our 
colonies in the southern hemisphere may come forward in order that 
by the next epoch of maximum disturbance (1869), there may be such a 
network of magnetic observatories as may enable us to obtain the 
solution of this interesting and important problem. 



Friday, March 27, 1863. 


Sib Hknby Holland, Bart. M.D. D.C.L. F.R.S. Vice-President, 

in the jChair. 

William Cbookes, Esq. F.C.S. 

On the Discovery of the metal Thallium. 

The speaker commenced by remarking that the discovery of a new 
metal was no novelty in this century. Since its commencement, our 
knowledge of the material world had been increased by the discovery 
of no less than thirty-two of these elements. Glancing rapidly at the 
already known metals, the speaker said that seven of these were known 
to the ancients, and we have no knowledge of their first disco\ery. We 
know, however, that many are found native, and the others arc sepa- 
rated from their ores either by heat alone, or by heat and the simplest 
chemical agencies. Most of those of more recent discovery have been 
obtained by exclusively chemical means, the exceptions being those, the 
separation of which, by means of voltaic electricity, Sir Humphry 
Davy, makes the commencement of this century a marked epoch in the 
history of chemistry, and also of the Royal Institution. From the time 
of Sir Humphry Davy no new method for the recognition of elements 
had teen discovered until the researches of Bunsen and Kirchhoff gave 
to the scientific world a definite knowledge of analysis by means of the 
spectrum. By this means Bunsen discovered the two new alkali metals 
caesium and rubidium, and by the same means the speaker was led to 
the discovery of Thallium, 

The special history of the discovery of the last-named metal offered 
a curious parallelism to the discovery of selenium by Berzelius. The 
great Sw^ish chemist was engaged on the examination of a residue 
from a sulphuric acid manufactory, in which he was induced to suspect 
the presence of tellurium. A complete examination proved to him 
that tellurium was absent ; but in the course of his experiments he 
succeeded in separating a new element, belonging to the sulphur 
group, to which he gave the name of Selenium. The sp^ker, three 
years ago, was occupied in the analysis of a similar residue^ from some 
sulphuric acid works at Tilkerode, also with a view to the separation 
of tellurium. The sulphuric acid residue had originally teen placed 
at his disposal by Professor Hofmann, in the year 1850, for the pur- 
pose of extracting selenium from it. In the distillation of the crude 
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seleniuin, there was left behind in the retorts a residuum which a few 
chemical tests led the speaker to conclude contained tellurium. This 
was placed aside for further examination, and remained unnoticed until, 
in the beginning of the year 1861, it was re-examined with the object 
of preparing tellurium from it. Not succeeding in finding evidences 
of the presence of this metal by chemical means, the speaker had re- 
course to the recently discovered means of spectrum analysis; but 
instead of noticing the alternate bands of light and shade characteristic 
of tellurium, he was surprised to observe a single green line of remark- 
able brilliancy and intensity, which had hitherto been unnoticed, and 
was communicated by no known element which could have been present 
in the residuum. (The spectrum of thallium was here projected on the 
screen, a 40-cell Grove’s battery being used to produce the electric arc. 
Its green band appeared perfectly sharp and brilliant upon a dark 
background.) Further researches soon proved to the speaker that he 
was, in fact, dealing with an entirely new element ; but the quantity 
contained in the material under analysis was so minute that the com- 
plete isolation was a matter of great difficulty. In September, 1861,* 
however., and by means of the galvanic battery, he succeeded in preci- 
pitating tlie metal in a pure form ; to which, in consequence of the 
green band it communicates to the spectrum and to flame, he had pre- 
viously given the name of Thallium, from 0aXAo;, a bud, the colour of 
early vegetation most nearly resembling the shade of green it gives. 
The metal was shown to friends soon after isolation, and its nature 
freely communicated ; but no formal publication of this fact was made 
until the opening of the International Exhibition, on May 1, 1862, 
where, in a case deposited some days before, were displayed several 
grains of the new body, labelled and described as a heavy inetaL 

By the kindness of numerous friends, among whom may be mentioned 
Dr. Thorn tliwaite, Brofessor^Chandelon, and Mr. Peter Spence, and 
by the munificence of the Royal Society, he has since found more pro- 
lific sources of the metal, and been able to work on a large scale. 

While speaking of the metallic nature of Thallium, the speaker 
noticed the fact of the observation of the green line and separation of 
the metal, on the 16th of May last, independently of himself, by a 
skilful Belgian chemist, M. Laray, who deposited a specimen in the 
International Exhibition in June, 1862. 

Thallium, the speaker said, belongs to the class of heavy metals. 
Its specific gravity is 11'9, very nearly that of lead. In colour it most 
resembles cadmium. It possesses considerable lustre, but quickly 
tarnishes in the atmosphere. It is very soft, being easily scratched by 
lead. It is very malleable, and the speaker showed that it could easily 
be forced into wire, several lumps welding together in the cold into 
one solid rod. It marks paper like plumbago, but the mark quickly 
disappears by the formation of a light-coloured oxide, being reproduced 
however by the action of a soluble sulphide. T.hallium, the speaker 


At the Lecture, the year 1862 was given inadvertently for 1861.— [W. C.] 
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showed, was strongly diamagpietic, being only inferior to bismuth in 
this respect ; and Dr. Matthiessen had determined that its power of 
conducting electricity was very near that of lead. It is precipitated 
from its solution by means of the battery in beautiful crystals, the form 
of which has not yet been determined ; and when the experiment is 
carefully conducted, these spread over the dish in branches like a de- 
licate seaweed, or with a stronger solution like the club-moss. The 
atomic weight of thallium is about 203 . Its chemical properties are 
at first sight rather anomalous, and seem to justify the remark of M. 
Dumas, that it is theoruithorhynchusof metals. That eminent French 
chemist ranks it with the alkaline metals, with which indeed it has 
some common properties : but the speaker is inclined to class it with 
the heavy metals, lead and silver, to which it seems more nearly allied 
both by its chemical and physical properties : several of the chemical 
reactions of thallium were shown in corroboration of this view. 
Like the metals potassium and sodium, it forms a soluble oxide which 
is endowed with strongly alkaline properties ; like them too it is not 
precipitated by sulphuretted hydrogen, nor in its lower state of oxida- 
tion by an alkali ; it also forms an insoluble platino-chloride, but here 
the resemblance ceases. All the other reactions are similar to those of 
the heavy metals. The soluble oxide is in reality also allied to the 
oxides of silver and lead (which are both soluble in water and alkaline), 
inasmuch as it has no affinity for water, being rendered anhydrous even 
at the common temperature in a vacuum. It is readily precipitated in 
the metallic form from its saline solutions by zinc. It forms an iii&oluble 
peroxide, sulphide, iodide, bromide, chromate and sulphocyanide, and 
a slightly soluble protochloride, sesquichloride, fejjoc^anide and 
chlorate. 

The alloys of Thallium have not yet been much studied. Th euses 
of the metal the sp&ker said he was hardly yet in a position to dwell 
upon. At present it would appear only to confirm in the most striking 
manner the value of spectrum analysis as a guide in chemical research. 
As an agent for the production of colour in p^rotechny, it was only 
equalled in brilliancy by the two other elements which give a mono- 
chromatic light, lithium and sodium. The speaker here illustrated the 
monochromatic nature of the thallium light, by throwing the magnified 
image of its electric arc on a bouquet of variously coloured flowers ; 
and concluded by thanking the audience for the indulgence they had 
extended to his fijret public discourse. 

[W. C.] 



Friday, May 15, 1863. 


Sir Henry Holland, Bart. M.D. D.C.L. r.R.S. Vice-President, 

in the Chair. 


William Odling, Esq. M.B. F.B.S. 

HKCRFTAni TO THE OUEMICAL W.>tlETY. 


On the Molecule of Water, 

Does the molecule of water consist of a single combining proportion 
of hydrogen having the relative weight 1, united with a single com- 
bining proportion of oxygen having the relative weight 8, or does it 
consist of two combining proportions of hydrogen having each the 
relative weight 1, united with a single combining proportion of oxygen 
having the relative weight 16? In other words, ought the molecule 
of water to be represented by the formula 110', in which 0' stands 
for 8 parts by weight of oxygen, or by the formula 11*0", in which 
()" stands for 16 parts by weight of oxygen ? The question is entirely 
one of fact If the hydrogen of water is experimentally indivisible, it 
necessarily constitutes an indivisible proportion, or atomic proportion, 
or so called atom. If, on the other hand, it is experimentally divisible 
into two equal parts, it must consist of at least two atomic proportions, 
or two atoms. 

Similar questions with regard to the molecular formulae of other 
compounds have been decided with an almost absolute unanimity. 
Thus chlorhydric or muriatic acid gas consists of 1 part by weight 
of hydrogen united witli 35’5 parts by weight of chlorine, and its 
molecule is represented by the formula 11 Cl, in which II stands for a 
single combining proportion of hydrogen, and Cl for a single combining 
proportion of chlorine, having times the weight of the single 
combining proportion of hydrogen. 

Phosphoretted hydrogen gas consists of I part by weight of hy- 
drogen united with 10*3 parts by weight ‘ f phosphorus. Its molecule, 
however, is not represented by the formula HP', in which H stands for 
a single combining proportion of hydrogen having the relative weight 1, 
and r' for a single combining proportion of phosphorus having the 
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relative weight 10*3 ; but by the formula HjP"', in which Hg stands for 
three separable proportions of hydrogen having each the relative 
weight 1, and P"' for a single indivisible proportion of phosphorus 
haying the relative weight 31. 

Silicated hydrogen gas consists of 1 part by weight of hydrogen 
united with 7 parts by weight of silicon. Its molecule, however, is 
not represented by the formula HSi\ in which Si' stands for 7 parts of 
silicon ; or yet by the formula HgSi'", in which Si'" stands for 21 parts 
of silicon, as the resemblance in properties between silicated and phos- 
phoretted hydrogen might seem to require ; but by the formula 
1X481"", in which H4 stands for four separable proportions of hydrogen 
having each the relative weight 1, while Si"" stands for a single indi- 
visible proportion of silicon having the relative weight 28. 

Why then do chemists represent chlorhydric acid, and its prototype 
fluorhydric acid, as each containing one combining proportion of hy- 
drogen ; phosph6retted hydrogen, and its prototype ammonia, as each 
containing three combining proportions of hydrogen ; and silicated 
hydrogen, and its prototype marsh-gas, as each containing four com- 
bining proportions of hydrogen? For all are agreed that in the 
molecules of fluorhydric acid and chlorhydric acid there is one part of 
hydrogen united with 19 parts of fluorine, and 35 ‘5 parts of chlorine 
respectively; that in the molecules of ammonia and phosphoretted 
hydrogen there are three parts of hydrogen united with 14 parts of 
nitrogen, and 31 parts of phosphorus respectively; and that in the 
molecules of marsh-gas and silicated hydrogen there are four parts of 
hydrogen united with 12 parts of carbon, and 28 parts of silicon 
respectively. ^ 

The reasons by which chemists are induced to be so seemingly in- 
consequent are very numerous, and some of them very recondite ; but 
the reason of greatest weight and most obvious character is drawn 
from the phenomena of substitution ; by which is meant the change 
effect in the composition of various bodies, by the abstraction of 
oesstain of their constituent elements, and the introduction of certain 
other elements or groupings in their stead. Thus we have sodium- 
alcohol, in which a portion of the hydrogen of common alcohol is sub- 
stituted by its equivalent of sodium ; bromaniline, in which a portion 
of the hydrogen of common aniline is substituted by its equivalent of 
bromine ; nitrophenol, in which a portion of the hydrogen of common 
phenol is substituted by its equivalent of peroxide of nitrogen ; and 
so in very many other instances. Now the conclusions deducible 
from the phenomena of substitution, whether elementary or compound, 
direct or indirect, obvious or latent, are, as will presently appear, of 
the greatest importance in determining the molecular formulae of com- 
pound bodies. « 

It is evident, for instance, that the molecule of marsl^-gas must 
contain four proportions of hydrogen, because we are able to replace 
), ], }, and } of its hydrogen by four successive substitutions, to pro- 
duce a series of bodies differing from one another by a regular gradation 
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of propertiw. Thus the final product of the action of chlorine upon 
marsh'gas is a compound in which all the hydrogen of marsh-gas is 
replaced by its equivalent of chlorine; so that if we consider the mole- 
cule of marsh-gas to consist of one combining proportion of hydrogen 
united with 3 parts by weight of carbon, then the molecule of its 
chloro-derivative will consist of one combining proportion of chlorine 
united with 3 parts by weight of carbon ; or if we represent the mole- 
cule of marsh-gas to consist of four combining proportions of hydrogen 
united with 12 parts by weight of carbon, then the molecule of its 
chloro-derivative must consist of four combining proportions of chlorine 
united with 12 parts by weight of carbon; as shown in the following 
table : — 


C' = 3 1 

C"" = 

12 

(3) 

HC' 

H4C"" 

( 12 ) 

(12) 

3 IIC'. CIC 1 

Cl H.C"" 

Vl2) 

(e) 

HC'. CIC' 

C 1 ,H,C"" 

112) 

(l2) 

HC'. 3 C 1 C' 

C 1 ,H C"" 

(12) 

(••’) 

CIC' 

C 1 .C"" 

(12) 


Now exactly intermediate between the original hydride and the 
final chloride is a body which contains hydrogen and chlorine in equi- 
valent proportions, and which consequently cannot be represented with 
less than 6 parts by weight of carbon, and may of course be represented 
with 12 parts; while intermediate between this body and marsh -gas 
on the one hand, and between it and chloride of carbon on the other, 
are two additional compounds, the one containing three combining 
proportions of hydrogen and one combining proportion of chlorine, the 
other containing three combining proportions of chlorine and one com- 
bining proportion of hydrogen, and both of them consequently incapable 
of being represented with less than 12 parts by weight of carbon. 
There are thus two sets of formula? presented for selection ; the one re- 
presenting the above-mentioned compounds with unequal quantities of 
carbon by the simplest possible individual fonnulae, the other repre- 
senting them with an eqiial quantity of constituent carbon by the 
simplest possible series of formula? ; and a little consideration has led 
chemists to the unanimous opinion that the formula? in the second 
column do, while those in the first column do not, express the actual 
correlations of the bodies represented. For these bodies manifest in 
every respect a regular seriation of properties, such as necessarily would 
be the case if their molecules differed from one another only by a 
gradually increasing substitution of chlorine for hydrogen ; but such as 
could not be the case if the constituent carbon of their respective 
molecules varied in the ratio of 3 to 12 , o’* even of 3 to 6. Moreover, 
by adopting tlie formula ll^C"" for marsh-gas we perceive at once 
why in its chloro-derivatives the hydrogen and chlorine should always 
stand to one another in the relation of fourths. But if marsh-gas is to 
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be represented by the formula HC', and its chloro-derivatives regarded 
as compounds of HC' with CIC', there is no reason why we should not 
have compounds of I HC' with 2 or 5, or 6 of CIC', or of 2 HC' with 
3 ClC'i &c.y in which the hydrogen would stand to the chlorine in the 
relation of a third, or of two-thirds, or of a fifth, or of a sixth, &c. 
But with the tetrahydric model, corresponding to the formula H 4 C"", 
and represented below, the successive displacement of the hydrogen of 
marsh-gas in fourths, and in no other proportion, becomes perfectly 
intelligible, thus : — 



By the action of chlorine upon marsn-gas, intire are produced in 
succession monochloromethene, in which one-fourth of the hydrogen 
is displaced by chlorine ; then dichloromethene, in which two-fourths 
of the hydrogen are displaced by chlorine ; then trichloromethene or 
chloroform, in which three-fourths of the hydrogen are displaced by 
chlorine ; and lastly, tetrachloromethene, in which all four- fourths of 
the hydrogen are displaced by chlorine. If, then, we take 1 relative 
part of hydrogen as the least indivisible proportion hydrogen that 
can enter into a combination, it is evident that the molecule of marsh- 
gas must contain four such parts, or four combining proportions, or, in 
common parlance, four atoms of hydrogen. 

The case of ammonia is even more striking than that of marsh-gas. 
When we effect the substitution of some element or grouping for the 
hydrogen of ammonia, the substituted and remaining hydrogen are not 
related to one another in fourths, as happens with marsh-gas, but 
always in thirds. When, for instance, potassium is heated in ammonia, 
there is produced the compound known as potassamide, which consists 
of one combining proportion of potassium, and two combining propor- 
tions of hydrogen — one-third of potassium and two-thirds of hydrogen 
— united with 14 parts by weight of nitrogen. Again, when ammonia 
is acted on by iodine, there is produced the very explosive body known 
as diniodamide, which consists of two combining proportions of iodine 
and one combining proportion of hydrogen — two-thirds of iodine and 
one-third of hydrogen — united with 14 parts by weight df nitrogen. 
While if we act upon ammonia by excess of chlorine, we obtain the 
highly-dangerous compound known as trichloramide or chloride of 
nitrogen, in which all the hydrogen of ammonia is replaced by chlorine. 
But the most satisfactory evidence of the trihydric character of am- 
monia is afforded by Hofmann's experiments on the volatile organic 
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bases, in which he succeeded in replacing one-third, two-thirds, and 
three-thirds of the hydrogen of ammonia by one and the same radicle, 
and by a continuation of one and the same process ; thus ; — 


N' = 4-7 j 

N'" = 

14. 

(4-7l 

1 HN' 

11, N'" 

(li) 

(l4 ] 

1 2IIN'. EtN' 

Et II, N'" 

(l4l 

04 J 

1 HN'. 2EtN' 

Et,H N’" 

( 14 ) 

{^• 7 ; 

) EtN' 

Et, N'" 

( 14 ) 


The composition of ethylamine and diethylamine cannot possibly 
be expressed with less than 14 parts by weight of nitrogen, whilst that 
of ammonia and triethylamine might be represented with one-third of 
that quantity, or with 4’ 7 parts. But all four bodies present such a 
marked resemblance to one another, and such a regular gradation of 
properties, as could not be the case unless their respective molecules 
were strictly comparable in constitution. For instance, their boiling 
points and vapour-densities increase by a regular progression, accord- 
ing to the regular increase in the substitution of ethyl for hydrogen ; 
whereas it is certain that the boiling point and vapour-density of a 
body containing but one proportion of ethyl and 4*7 parts of nitrogen 
would bear no relation of series to the boiling points and vapour- 
densities of bodies containing three proportions of conjoint hydrogen 
and ethyl united with 14 parts by weight of nitrogen. Moreover, by 
adopting the trihydric model for ammonia, corresponding to the formula 
we perceive at once why the replacement of its hydrogen must 
take place in thirds ; or, in other words, why we cannot obtain ammonias 
in which one-half or one-fourth of the hydrogen is replaced by equi- 
valent substitution, but only those in which one- third or two-thirds is 
so replaced ; thus : — 



Again, ammonias are known to chemists in which two-thirds of the 
hydrogen are replaced by one, and the remaining third of hydrogen by 
some other radicle ; or in which all three thirds are replaced by three 
dilFerent radicles, as instanced by diethyl-phenylamine Et^PhN"', and 
methyl-ethyl-phenylamine MeEtPhN"', for example. 

Seeing, then, that there are bodies, so 'h as marsh-gas and silicated 
hydrogen, of which the hydrogen is replaceable in fourths at four 
successive stages, and which are consequently represented with four 
atoms of hydrogen ; and that there are other bodies, such as ammonia 
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and phosphoretted hydrogen, of which the hydrogen is replaceable 
in thirds at three successive stages, and which are consequently repre- 
sented with three atoms of hydrogen, — it is not d priori improbable that 
there may be yet other bodies, such as water and sulphydric acid, in 
which the hydrogen is replaceable in halves at two successive stages, 
and which must consequently be represented with two atoms of 
hydrogen. If we act upon water by excess of metallic sodium, for 
instance, we obtain the compound known as oxide of sodium; and 
accordingly as we represent the molecule of water by the formula 
HO', in which 0' stands for 8 parts by weight of oxygen, or by the 
formula H,0", in which 0" stands for 16 parts by weight of oxygen, so 
must we represent oxide of sodium by the formula NaO', or Na^O"; 
thus ; — 


q 

II 

00 

0" = 

16 

HO' 

H,0" 

(le) 

HO'.NaO' 

NaH 0" 

(16) 

NaO' 

Na,0" 

U6) 


But exactly intermediate between water and oxide of sodium, we 
have the very definite compound known as hydrate of sodium, which 
consists of one combining proportion of sodium and one combining 
proportion of hydrogen united with 16 parts by weight of oxygen, and 
which cannot be represented save with 16 parts by weight of oxygen. 
Now, just as the three intermediate bodies between marsh-gas and 
chloride of carboA force us to represent these extreme bodies with 12 
parts of carbon, so that all five may appear as members of one and the 
same series ; just as the two intermediate bodies between ammonia and 
triethylamine force us to represent these extreme bodies with 14 pacts 
of nitrogen, so that all four may appear as members of one and the 
same series ; so must the intermc^ate body between water and oxide 
of sodium force us to represent these extreme bodies with 16 parts of 
oxygen, so that all three may appear as members of one and the same 
series. If marsh-gas and cliloride of carbon must be represented by 
formulae similar to those of their intermediate bodies, and consequently 
with four atoms of hydrogen and chlorine respectively ; if ammonia 
and triethylamine must be represented by formulae anidogous to those 
of their intermediate bodies, and consequently with three atoms of 
hydrogen and of chlorine respectively ; then water and oxide of sodium 
must be represented by formulae analogous to that of their intermediate 
body, and consequently with two atoms of hydrogen tnd of sodium 
respectively. In the intermediate carbon-bodies, the remaining and 
replaced hydrogen form fourths of the whole ; in the intermediate 
nitrogen b^ies, the remaining and replaced hydrogen "form thirds of 
the whole ; while in the intermediate oxygen compoundi the remaining 
and replaced hydrogen form halves of the whole. Hence, if the 
molecule of marsh-gas is to be represented by a tetrahydric model, and 
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that of ammonia by a trihydric model, then the molecule of water 
must be represented by a dihydric model ; thus ; — 

H.O" KalTO'' Na,0" 

^ ► 


When water is acted upon by metallic sodium, one equivalent of 
sodium expels one equivalent of hydrogen, to form the well-defined 
body hydrate of sodium, and the action proceeds no further. But 
when melted hydrate of sodium, at a temperature approaching that of 
redness, is acted upon by metallic sodium, a second equivalent of 
sodium turns out a second equivalent of hydrogen, to produce oxide of 
sodium. This replacement of the hydrogen of water by sodium at two 
successive stages, — the first stage of replacement taking place at ordinary 
temperatures, and the second stage at a dull red heat, — is even better 
defined fh^n the replacement of the hydrogen of ammonia by ethyl at 
three successive stages, and than the replacement of the hydrogen of 
marsh-gas by chlorine at four successive stages. 

But the formation of ether from water by Williamson’s process, 
affords a still closer resemblance to Hofmanus formation of triethy- 
lamine from ammonia. Water H^O", when acted upon by potassium, 
yields hydrate of potassium, or potassic water KHO". Hydrate of 
potassium acted upon by iodide of ethyl yields alcohol, or ethylated 
water EtH(3". Alcohol acted upon by potassium yields potassium- 
alcohol, or ethylated potassic water EtKO". Potassium-alcohol acted 
on by iodide of methyl yields the first mixed ether, or methylated ethyl- 
water EtMeO'' ; and when acted upon by iodide of ethyl yields 
common ether, or ethylated ethyl-water EtgO". None of the inter- 
mediate bodies can be represented save with 16 parts of oxygen, and 
hence the terminal bodies being members of the same series, must be 
also represented with 16 parts of oxygen. The intimate relations 
and analogies of ethylated methyl-water EtMeO" and diethylated water 
EtgO", as regards modes of formation, modes of decomposition, boil- 
ing jjoint, vapour-density, <S:c., will not allow the molecule of the 
mixed ether to be represented with 16 parts, and that of the common 
ether with only 8 parts of oxygen ; any more than the relations and 
analomes of ethyl-methyl-phenylamine EtMePhN''' and triethylamine 
Et,N"' will allow the molecule of the former compound to be repre- 
sented with 14 parts, and that of the latter with only 4*7 parts of 
nitrogen. 

With regard to chlorhydric acid, there is no intermediate stage in 
the replacement of its hydrogen ; the substuution taking place at once 
or not at all. We have, for instance, chloride of hydrogen HCl, chloride 
of ethyl EtCl, and chloride of sodium NaCl, but no intermediate 


Hs voi I q. 
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bodies ; whence the representation of chlorhydric acid by the simple 
monhydric model, thus : — 


HCl 

cm 


NaCl 


In addition to the above-mentioned chemical parallel, there is one 
very remarkable physical relation subsisting between marsh-gas, 
ammonia, water, and chlorhydric acid, namely, that all four molecules 
occupy the same bulk. Two cubic feet, for instance, of chlorhydric 
acid-gas HCl, yield 1 cubic foot of hydrogen and 1 cubic foot of 
chlorine. Two cubic feet of steam 11*0, yield 2 cubic feet of 
hydrogen and 1 cubic foot of oxygen. Two cubic feet of ammonia 
HaN, yield 3 cubic feet of hydrogen and I cubic foot of nitrogen ; 
while two cubic feet of marsh-gas II 4 C, yield 4 cubic feet of hy- 
drogen and a quantity of carbon of which the gaseous volume has 
not been and cannot be ascertained. With equal volumes of all four 
gases, the marsh-gas contains four times as much, the ammonia three 
times as much, and the steam twice as much hydrogen as the chlor- 
hydric acid. 

Many other arguments may be adduced to show that the mole- 
cular weight of water is 18, corresponding to the formula 11 * 0 ", and 
not 9, corresponding to the formula HO'. Thus water is concerned 
as the agent or product of some chemical reaction more frequently 
than any other body with which chemists are acquainted ; but in no 
well-defined reaction do we ever find the reacting or resulting water 
expressible by 9 parts, or three times 9 parts, ormve times 9 parts, 
&c.^ but in every case by 18 parts, or some multiple of 18 parts, as 
instanced in the following examples, which might be increased in- 


definitely : — 


Formation of Nitro-benzol. 



C,H. 

+ 

HNO, = C,H,(NO,) + 

n.o" 

or 2 HO' 



Decomposition of Zinc-ethyl. 



2 C,H, 

+ 

ZnH,0, = Zn(C,n,). + 

2H,0'' 

or 4 HO' 



Formation of Hydro-benzamide, 


3C,H,0 

+ 

2 H,N = C.,H.,N. + 

3H.0" 

or 6 HO' 


Decomposition of Pentachloride of PhosphofUs, 

H.PO* + 5IIC1 = PCI 5 + 4H,0" or 8110^ 
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Again, in the great majority of direct compounds which water forms 
with other bodies, the combining water necessarily constitutes 18 parts, 
or some multiple of 1 8 parts ; and when two or more bodies differ from 
one another by the quantities of water they respectively contain, the 
differential quantity always amounts to 18 parts or some multiple of 
18 parts, thus : — 




CioHn 

Turpentine. 

C.,!!,. . n.o 

or 

CioHieO 

Monhydrate. 

. 211,0 

or 

CioH^qO* 

Dihydrate. 

C.,H„ . 3H.0 

or 

^loHgjOa 

Trihydrate. 



CNH 

Pru-^sic Acid. 

GNU . H.O 

or 

CNITaO 

Formamide. 

CNII . 2H,0 

or 

CNHaO* 

Formate of Ammonia. 


Several chemists, during what may be termed the transitional stage 
of their views, were accustomed to represent the molecule of water by 
the formula HaO's, in which O' stands for 8 parts of oxygen, instead 
of by the formula llgO", in which O" stands for 16 parts by weight of 
oxygen. But the use of this formula really showed an imperfect 
appreciation of the grounds upon which the abandonment of the 
simpler formula HO' was based ; for if the molecule of water is to 
be represented with two proi)ortions of hydrogen, because its hydrogen 
is divisible into two parts, invertmdo it must be represented with but 
one proportion of oxygen, because its oxygen is indivisible. Now that 
the oxygen of water is indi^isible is acknowledged alike by those who 
use the formula 1T*0" and those who use, or rather used, the formula 
IlgO'a ; and such being the case, the representation of the oxygen of 
water by the expression is quite unwarrantable, for the conception 
of two inseparable proportions of oxygen having each the value 8, 
amounts after all to that of a single ind\^ isible proponion of oxygen 
having the value 16. 

That the oxygen not only of water but of all other well-defined 
oxygenated molecules always amounts to 16 parts, or some multiple of 
16 parts, is abundantly evident. For the composition alone of the 
great majority of oxygenated bodies, prevents them from being repre- 
sented save with 16 or some multiple of 16 parts of oxygen, just as 
the composition of chloroform prevents its being represented save 
with 12 parts of carbon ; and ns the composition of ethylamine prevents 
its being represented stive with 14 parts of nitrogen. With regard to 
the remaining oxygenated bodies, their m^re composition would allow 
them to be represented with only 8 or some odd multiple of 8 parts of 
oxygen, but their several relations to other bodies belonging to the 
more numerous class prevents them from being represented with so 
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small a quantity ; just as the relation of triethylamine to ethylamine 
and diethylaraine prevents it from being represented with less than 
14 parts of nitrogen, though from its mere composition it might be 
represented with only 4*7 parts of nitrogen. 

From this it follows, that when two or more bodies differ in com- 
position from one another by the proportions of oxygen they respec- 
tively contain, that difference always amounts to 16 parts, or some 
multiple of 16 parts, as shown in the following series : — 


HCl 

HCl 

Chlorhydric acid. 

HCIO', 

H Cl 0"* 

H}pochlorou8 acid. 

HCl O'. 

H Cl 0". 

Chlorous acid. 

II Cl O', 

H Cl 0", 

Chloric acid. 

H Cl O'. 

H Cl 0". 

Perchloric acid. 

C.KII,0'. 

C.KH.O". 

Acid succinate. 

C.KH.O'io 

C.KH.O", 

Acid inalate. 

c.Kn.0',. 

C.Kn,0", 

Acid tartrate. 


Throughout there is no difference of 8 parts of oxygen or of any 
odd multiple of 8 parts of oxygen, between the successive com- 
pounds. 

It follows also that whenever oxygen, with orjyithout some other 
element, is added to or taken from a compound, the oxygen so added 
or eliminated must always be represented by 16, or some multiple 
of 16 parts, as Instanced in the following decompositions, representing 
the liberation of oxygen from nitrate, permanganate, and chlorate of 
potassium respectively ; — 

KNO, = KNO, + O" or O', 

2H^O, + KMmO, = 2H.0 + KMmCSOJ, + O", or O'* 

KClOs = KCl + 0", or O', 

Let the decompositions be expressed how they may, the oxygen 
displaced cannot appear as 8 parts, or any odd multiple of 8 parts ; and 
so in hundreds of other instances. 

The representation of the molecule of water by the formula 11,0 
was propoied by Gay-Lussac, advocated by Berzelius, aad employed by 
Davy more than fifty years ago. Its revival is due to Gerhardt, who 
in conjunction with Laurent made it the basis of a consistent system 
of chemistry, since brought to a higher state of development by the 
labours of many distinguished chemists, including more especially 
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Professor Williamson, who first introduced it into this country and 
supported it by a series of most masterly researches. 

In accordance with this system, four well-defined classes of primary 
hydrides are recognized, the leading member of each of which con- 
stitutes the type or model to which an infinite variety of compounds are 
referable as regards both their composition and behaviour ; thus ; — 


Monhydndeii. 

Dihjdndes. 

Tnlijdndes. 

Tetrahydndes. 

II F 

H,0 

H,N 

H.C 

HCl 

H.S 

H.P 

H.Si 

HBr 

H,Se 

H.As 


HI 

H.T 

II. Sb 



Formulated as above, all these hydrides occupy the same volume, and 
their respective vapour-densities compared with that of hydrogen as 
unity are the halves of their atomic weights. 

[W. 0.1 



Friday, May 22, 1863. 

The Rev. John Barlow, M.A. F.R.S. Vice-President, in the Chair. 


Professor Roscoe, B.A. F.C.S. 

On the Direct Measurement of the Sun's Chemical Action. 


The life of the animal may be described chemically as a process of 
oxidation : the tissues of his body are continually undergoing combus- 
tion ; he is constantly breathing out carbonic acid gas, and thus dete- 
riorating the ocean of air at the bottom of which he lives and moves ; 
so that, were not a counteracting influence at work, he would, during 
each moment of his existence, be working his own destruction. This 
counteracting influence is exerted by vegetables, whose life is chemically 
characterised by a change opposite to that of the animal, that, namely, 
of deoxidation or reduction. Animals take up oxygen and give off 
carbonic acid ; plants reverse the process, they take up carbonic acid 
and give off' oxygen ; and thus the balance of atmospheric life is kept 
always true. 

The animal derives its power from the forces locked up in the 
vegetable organisms which constitute its food, anthof which it builds 
up Its tissues, ^^"herl the} are destroyed by the action of the atmospheric 
oxygen, these foices become e\ident either in motion of the masses, 
constituting mechanical action, or in the motions of the particles con- 
stituting heat, or other manifestations of energy. The animal cannot 
create force; he can only direct its application: he cannot move a 
muscle without a certain given quantity of force being changed, without 
a certain portion of his tissues undergoing oxidation, an amount which 
is regulated by the grand princiide of the conservation of force— so 
that the total energy which the animal exhibits is regulated by the same 
laws which apply to the work of the steam or electro-magnetic engine. 
Every pound of carbon burnt to carbonic acid in the animal body 
evolves heat enough to raise the temperature of 8080 lbs. of water 
l'‘ centigrade, or can produce a mechanical effect sufficient to raise 
2784 tons one foot high. 

The source of the power of the animal is evident ; it lives upon the 
force which has been accumulated by the plant. The animal \»orld 
cannot continually withdraw energy from the plant, mdess the latter 
receives as continual a supply. 'J he source of this energy is the sun ; 
the plant sucks up or absorbs the rapidly vibrating solaf radiations and 
stores them up to be given out again in the v arious forms of energy 
when the vegeUble tissue is destroyed by oxidation. 
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It is only in the presence of the sunlight that the true function of 
plant life can be exercised. It is the sunlight vhich, acting on the 
gr(*eu colouring matter of leaves, decompose'' the carbonic acid of the 
air into its constituent elements, enabling the plant thus to assimilate 
the carbon and to turn the free oxygen bark into the air. 

Only those of the solar ra>s \^hieh vibrate the most rapidly are able 
thus to tear the particles of carbon aid oxjgen asunder, or to effect 
chemical change ; and th so most refrangiblo or \iolet ra}sha\c\ there- 
fore, been called the chemical rays— not that there is any difference 
in kind between these and the other solar radiations ; they all differ 
onl} in wave-length and in intensity of \ibration. 

'Fhese blue rays then, falling on the green portions of plants, are 
absorbed to do work ; their rapid \ ihrations are used up to set free 
the carbon and oxygen, and the heat cqui\alent to these absorbed 
vibrations is again given off whci* the carlion thus produced is burnt. 

The speaker illustrated the* chemical activity of thi blue rays, and 
tlie inactivit} of the red ra\s, by showing that a bulb filled with 
chlorine and hjdrogen e\plo(les when e\po'^ed to an intense blue light, 
but is uy.c,''^ed uj>on b} an equally bright red light. 

The measurement of the amount of these cliemically active rays 
falling at a given time upon a given spot, must be of the highest 
meteorological interest, as their vaiiation forms a niu-st important 
element in the changing plant- and animal-producing power of a 
country. 

Three years ago (March 2, 1S(>0) the speaker brought forward the 
results of a series of experiments undertaken by Profes'^or P)unsen and 
himself, for the purpose of obtaining a means of accurately measuring 
the chemical action of sunlight. 

Ihe measure consisted in the quantity of hydrochloric acid formed 
by the action of light upon a mixture of equal volumes of chlorine and 
hydrogen gases. I'he authors succeeded in arranging a most accurate 
and reliable chemical j>hotoiueter, by help of which the lows regulating 
the chemical action of light were inve'^tigated, and the distribution of 
direct and diffuse sunlight upon the earth’s surface determined when 
the sky is unclouded.* Tlie delicate nature of the iii>trumeiit, which 
the sensitive substance rendered necessary, precludes the general use 
of this chlorine and hydrogen photouieter, and the method is likewise 
inapplicable when we wish to measure the total effect produced by the 
varying cloud and sunshine of our changing climate. 

The object of the present research, carried on by Proiessor Bunsen 
and the speaker, has been to invent an easy and reliable mode of 
measuring the daily variation in the sun’s ehemical intensity which 
shall be applicable to regular meteorological registration. 

Thennoinetric observations, giving the mean monthly or yearly 
temperature of a country, by no means yn Id all the data required for 
the estimation of the true climatology of the phice, or of its phuit- and 


* Phil. Tnms. for 1857, pp. 355, 381, 601 ; for 1859. p. 879. 
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animal-producing ca])abi1itics. For this purpose we require to have 
not only the amount of bolar heat directly or indirectly reaching the 
spot ; but likewise the amount of chemically active solar light which 
falls there. This is strikingly seen when we compare the mean an- 
nual temperature of Thorshavn (Faroe Islands) with that of Carlisle. 

Temp. Fah. DifF. 

Thorshavn . N. lat. G2^ 2' W. long. 6° 46' . . 45®* 6 ) -oo 

Carli'.lo . . 54^54' 58' . . 4<,'’*9 J 

In these two situations the mean annual temperature is nearly equal, 
but the quantity of sunlight falling upon these two places differs most 
widely, and we have a corresponding difference in the true climatologi- 
cal relations. Owing to the constant moisture and cloudy state of the 
atmosphere, which the sun’s chemical rays cannot jienetrate, the flora 
of the Faroes and Shctlands is of the most limited description, only 
the most hardy variety of shrubs and no trees flourishing ; whilst at 
Carlisle we have the most luxuriant vegetation accompanying a more 
sunny sky. Thus, too, the mean summer temperature of K(‘ikiavik in 
Iceland is only 3^ 8 Fah. below that of Edinburgh, w'hilst the diflcreuce 
between the mean summer temperature of Edinburgh and London is 
5°*4 Fah. Yet in Iceland no tree grows; whilst between London and 
Edinburgh, we notice no marked ditferenceas regards the development 
of vegetable life. Hence we see that places upon the same isothermal 
do not necessarily possess a truly corresponding climate ; this can only 
be attained when, amongst other conditions, the places are situated 
upon the curve of equal mean chemical intensity. 

Although many fruitless attempts have been made to construct 
photometers by a comparison of the blackness produced by sunlight 
upon photographic paper, it was found that in this wav the desired end 
could be attfiined by attention to certain essential conditions. 

For this purpose it was necessary to construct an apparatus in 
which photographic sensitized paper ctaild be exposed to the sunlight 
for definite times measured by small fractions of a second. '1 liis 
instrument consists essentially of a pendulum vibrating about 
j-seconds, by whose oscillation a sheet of darkened mica is withdrawn 
from, and brought back over, a horizontal strip of pa[)cr prepared 
with chloride of silver, and fixed in a constant position relative to the 
pendulum and sheet of mica. "1 he time during wdiich each point in 
the length of the strip is exposed is different, and the time of exposure 
for each point can be calculated when the length and jxisition of the strip, 
and the duration and amplitude of the pendulum’s vibration are given. 

The strip of sensitive paper ])resents, after exjiosiirc, a gradual 
diminution of shade from dark to light, and for each $hade the time 
of exposure is known. In order that such a graduated |trip may serve 
as a means of measuring the chemical action of light, we require : — 

1 . To know the relation existing between the several tints and the 
intensity of the light necessary to produce such tints. 

2. To construct sensitive paper which shall always possess the 
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same degree of sensitiveness, and can easily be prepared when required. 

It was found, by a long series of experiments, that it was possible, 
by adhering strictly to a certain method of manipulation, to prepare 
standard papers which, when made, possess a constant degree of sensi- 
tiveness ; so that if the same light falls upon them, the papers are 
always coloured to the same tint. 

Experiment likewise showed that the tint attained by such a paper 
was constant when the <^UQ7itity of light falling upon it also remained 
constant ; so that light of the intensity 50 falling upon the paper for 
the time 1, produced the same blackening effect as light of the inten- 
sity 1 falling upon it for the time 50. 

Knowing this law, which regulates the degree of shade of the 
paper, and having a surface of a perfectly constant degree of sensitive- 
ness, it is easy to obtain absolute measurements of the chemical actiou 
©flight. For this purpose an arbitrary unit of measurement is chosen, 
by making a standard tint or paint which can be easily and exactly 
reproduced at any time. 

The quantity of light which shall, in a second or the unit of time, 
produce a blackening effect on the standard photographic paper equal 
to thai of the standard tint, is said to have the chemical intensity 1. 
If the time needed to produce this same tint is found by experiment 
with the pendulum-photometer to be 2 seconds, then the chemical 
intensity is one-half, and so on. 

All that is needed, in order to obtain accurate measurements of 
the chemical action of diffuse daylight or sunlight, is to be able to find 
the time necessary to effect a blackening of the normal paper equal in 
shade to the vsraiidard tint. 'riiU is dune by means of the graduated 
strip made in the penduluin-photoinctei*. 

For the purpose of accuniteU comparing tlle^e tint&, the ordinary 
daylight or even lainjdight cannot lie U'scd, as a change ’^vould 
thereby be produced on the sensitive jiaper. A light which does not 
act chemically must be used ; such a light is tlie monot le oinatic soda- 
flaiue. The light from this flame possc^^e*; another advai.iage. namely, 
that the unavoidable difl’erouces of colour are not seen; variation in 
shade alone being perceptible. The speaker exhibited the accuraev of 
this method of observing coincidence in shade bv means of a large 
model of the instrument. 

lly help of this soda-flame the coincidence of vshade of the gradu- 
ated strip with the standard tint can be read off with the greatest jire- 
cision. I’his fact, as well as the posvibilitv of prejiari' g a constant 
sensitive paper, is seen b\ veferenoe to the following tables, extracted 
from the detailed jiaper jiriiilcd in the Philosophical I'ransactions 
for 1863. 

Papers variously prepared were exposed for the same timr to the 
same light. 

Each reading is the mean of several observations ; identity in the 
numbers shows identity in the shade, and, therefore, the constant sensi- 
tiveness of the papers. 


ns Voi 1 
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The standard paper is prepared by soaking photogra[)liic pai)er in a 
solution of common salt of given strength (3 to 100), and then allowing 
it to lie upon the surface of a silver solution (12 NOgAg to 100 of 
water). When the strength of salt solution varies, the sensitiveness 
of the paper alters very rapidly. Variation in the strength of the 
silver-bath produces, on the contrary, but little change in the sensiti\e- 
ness of the paper. Different qualities of pajicr and alterations of 
atmospheric moisture and temperature do not affect the sensitiveness 
of the paper. 

1. Effect of altering the Strength of the Silver-bath, Paper salted in 
a Solution containing 3 parts Chloride of Sodium to 100 oj Wattr. 


Ag NOfl to Readings. 

100 of water. Observer A. Observer B. 

12 1-^8 -6 .. 12!) 7 

10 128*7 .. 127*0 

8 128*7 .. 128 0 

6 129*7 .. 130*0 


2. Effect of altering the Strength of the Salt Solution. 

Na Cl to Readings 

100 of water. Observer A Obst*ner B 

1 02-6 .. 00*4 

2 9o*7 .. 94*6 

3 [ 132*6 .. 129*6 

4 ' 167*0 . 168*0 


3. Experiment shoioing the constant Sensitive7iess of the Standard 
' Paper, 


• 

Prtper. 

Na Cl to 

InUnnity No 1 

Intensity No 2. 

too of waitr 

Observer \ 

Obs'TVir a 

Observer A. 

ObfltrvLF B. 

Upper part of sheet ‘i 

2-950 

70*2 

70-0 

101-3 

101*5 

Lower part of sheet 2 

1 3 02G 

70-6 

C9 3 

101-5 

101-7 

Middle of sheet 1 • 

1 3-OiG 

70*0 

G9-5 

U»U 9 

100*9 

Middle of sheet 3 . 

! 3-000 

70-0 

70 4 

lOl-O 

100-0 


I 


All these papers were silvere<l in a solution containing 12 parts of 
nitrate of silver to 100 of water. 

In order to measure the chemical intensity of the daylight at any 
time, all that is needed is to expose a strip of standard paper in the 
pendulurn-photoineter for a given number of vibrations, at.d then to 
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find upon tlie strip, thus exposed, the point at which a shade equal to 
the standard tint has been produced. Reference to a table gives the 
time of exposure necessary to produce this tint, and the reciprocal of 
this time represents the intensity of the acting light. If the time 
necessary were 3 seconds, the ciieiuical intensity would be J ; if the 
time were i second, the intensity would be 2. In this way curves of 
daily chemical intensity were exhibited, which show the variation 
caused by clouds, or by tile changing altitude of the sun. Tliese curves 
show maxima and minima exactly corresponding to the appearance and 
disappearance of the sun behind a cloud. The difference between the 
sun’s chemical intensity in summer and winter is thus also clearly 
depicted. 

Based upon the principles of the pendulum-photometer, a much 
simpler motliod of making these nuMsuremcnts has been arranged, as 
follows. A graduated strip made in the pendulum -photometer is hxed 
in liyposulphite of soda, and pasted upon a board furnished with a 
scale, 'i'he shades of certain points on this fixed strip are compared 
with the shades on given })oints upon a graduated strip prepared in the 
usual -way. and not fixed in hyposulphite. The fixed strip is thus 
calibrated in terms of the unit of measiirenieiu. and it may then be 
used as a means of measuring the chemical action of light. Small 
pieces of the standard paper are llien exposed for a gi\en time to the 
light which it is desired to measure, until the shade approaclies tliat of 
a part of the fixed strip. The point of exact coincidence is then read 
off by the soda flame as usual, lu this way a piece of standard paper 
of I square-inch of area will serve for 20 separate detennln itions, and 
the whole arrangement for exposure may be carried in ihe pocket. 
The curve of the chemical intensity of day and sunlight in ]\Ianchester, 
on May 15th, 18()3, made with this small instrument, fully bears out the 
accuracy and case with which these nicasuremeiits can be made, and the 
results of his experiments iiidnced the speaker to cxpiessahope that 
before long these instruments may be introduced into meteorological 
obscrvatori(*s. 

The determination of the chemical brightness of the various por- 
tions of the sun’s disc is an interesting application of this new' method 
of photometric measurements. 

By help of a camera placed on a 3-inch refractor, the speaker 
allowed the image of the sun — of about 4 inches in diameter —to fall 
upon the standard ])aper. The sun-picture thus obtained presents in- 
teresting features ; in the first place, tlie chemical intensity ot the 
central portions are 3-5 times as great as that of the portions on the 
limb. A difference of this kind, in the case of the luminous and 
calorific rays, has already been observed by astronomers, and it is 
doubtless caused by the absorption effected by the solar atmosphere. 

The following results wore obtain^'l by measuring the chemical 
brightness at various points on tlie sun’s disc, 011 iNIay 9th, 1863 ; from 
these numbers it will be seen that the luminous intensity varies very 
irregularly. 
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Chemical Brightness of Sun’s Disc. 


1 . AtCcatre of 

2. 15*^ from Edge of 

3. At the Edge of 

Sun's Disc. 

Son’s Disc. 

Sun's Disc. 


N. Pole. Equator. 8. Pole. 

N. Pole. Equator. S. Pole. 

No. 1. .. 100-0 

38*8 . 48-4 . 58*1 

18*7 . 30*2 . 28*2 

No. 2. .. 100-0 

52*8 . — . 56*6 

30-5 . — . 41-0 


Bright patches of considerable area were seen on the picture; 
these j>atches, which were not caused by irregularity in the paper or in 
the lenses, are probably owing to tlie presence of clouds in the luminous 
atmosphere of the sun, and they may probably have some intimate con- 
nection with the well-known phenomena of the red prominences seen 
during the solar eclipse. 

The speaker concluded by stating that he hoped, with the assist- 
ance of his friend Mr. Baxendell, to make a series of regular observa- 
tions of the variation of the chemical intensities of many points on the 
sun’s surface. 

[11. E. R.] 




Friday, June 12, 1863. 

Kev. John Barl.ow, M.A. F.ll.S. Vice-President, in the Chair. 

John Tindall, Esq. F.R.S. 

rE^)FEhaott OF NATUBAL FniLO&Ol UY, ROIAL I^6TITDTIO^^ 

Au Account of some lit searches 07i Radia7it Heat, 

In his foniver researches on the radiation and absorj)tion of heat by 
gaseous matter, the speaker compared different gases and vapours at a 
common tliickness witli each other ; one part of his present object was 
to compare different tliickncssos of the same gaseous body with each 
othfr to their action upon radiant heat. A few years ago he would 
be deemed a bold man who would attempt to measure the action of an 
inch, or indeed of many feet of a gas, on radiant heat; but the present 
experiments commence with plates of gas only O’Ol of an inch in thick- 
ness, and extend to thicknesses of 49*d inches. I'lius, the greatest 
tliickness is to the least nearly in the ratio of 1 to oOOO. The appa- 
ratus employed for the smaller thickne'^ses was a hollow cylinder, one 
end of which was closed by a plate of rock-salt. Into this fitted a 
second cylinder, with its end also closed In a plate of th^ salt. One 
cylinder moved within the other like a piston, and.b} this means the 
two plates of salt could be brought into flat contact with each other, 
or could be separated to any required distance. The distance between 
the plates was measured by a vernier. The cylinder was placed Iiori- 
zohtal, being suitably connected with a source of heat. This latter 
consisted of a plate of copper, against w'hich a stead}’ sheet of flame 
was caused to play. 

The absorption of radiant heat bv caibonic oxide, carbonic acid, 
nitrous oxide, and olefiant gas was determined with this apparatus, and 
such differences as might be anticipated from former researches were 
found. Olefiant gas maintained its gre.at superiority o\er the other 
gases at all thicknesses. A layer of (his gas, not more than 0*01 of an 
inch in thickness, intercepted about 1 per cent, of the total radiation ; 
and the delicacy of the apparatus may be inferred from the fact that this 
absorption — great, relative to the thickness of the layer of gas, but 
small absolutely — corresponded to a deflection of 1 1 degrees of the 
galvanometer. (It would be certainly possible to measure tlie action 
of a layer of this gas of less thickness liian the paper on which these 
words are printed.) A layer of olefiant gas, 2 inches in thickness, 
intercepts nearly 30 per cent of the entire radiation. The influence 
of a diathermic envelope surrounding a planet may be strikingly illus- 
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trated by refereitte to this gas. A shell of olefiant gas, 2 inches thick, 
surrounding the earth, would offer no appreciable hindrance to the 
solar rays in their earthward course ; but it would intercept, and in 
great part return, 30 per cent, of the terrestrial radiation : under such 
a canopy the surface of the earth would probably be raised to a stifling 
temperature. A layer of the gas, 3-lOths of an inch thick, intercepts 
11’5 per cent, of the whole radiation. Such a layer, if diffused 
through a stratum of air 10 feet thick, would be far more attenuated 
than the aqueous vapour actually diffused through the air; still it 
would produce an absorption greater than that which the speaker had 
assigned to the atmospheric vapour within 10 feet of tlie earth's 
surface. In the presence of such facts, the arguments which we might 
be disposed to base on the smallness of the quantity of atmospheric 
vapour are entirely devoid of weight. 

In measuring the action of larger thicknesses of gas, the following 
method was pursued : — A brass cylinder, 49’4 indies in length, had its 
two ends stopped witli plates of rock salt, and a suitable source of heat 
placed at one end ; the rays from tliis source passed through the tube, 
and were received by a thermo-electric jiile placed at its oiipositc c'lid ; 
this radiation was exactly neutralized by the heat emitted from a cube 
of boiling water and incident on the opposite face of the pile. Ihe 
interception of any portion of the lit at emanating from the source by 
a gas or >apour introduced into the tube destiojcd tlie eqiubbnuiu 
pre\iousIy existing, and the amount intercepted ^.is declared b\ the 
galvanometer. The thickness traversed by the calorihc ravs was 
varied in the follo^ving viay : - The tube was divided into two distinct 
compartments by the introduction of a third plate o£ rock salt. Let 
us agree to call the compartment most distant from the pile the 
chamber^ and that adjacent to the pile the berotid chamber, 'fhe 
experiments began with the first chamber short and the second 
chamber long, and ended with the first chamber long and the second 
chamber short. 'J’he alteration consisted solely in the shifting of the 
intermediate plate of salt, which lengthened the first chamber and 
diminished the second one by the same quantity ; the sum of the 
lengths of both eliambers being the constant quant it}, 49*4 indies. 

Ihe absorption eflected in the first cluiinber aeting .done was 
first determined ; then the absorption eftecied in the second ebainber 
acting alone; and, finally, tlie absorption effeeted when botli tlie 
chambers were occupied by the gas or vapour. This arrangement 
enabled the speaker to check his experimentvS, and also to examine the 
effect of the hifting wliicli occurred in the first chanilitT 011 the absorp- 
tion of the second one. 1 he thennal coloration of the various gases 
was rendered strikingly manifest by th(»so experiments. J'or the vast 
majority of the ra}s, for example, carbonic oxide and carbonic acid are 
transparent. Placing a stratum of carbonic oxide, 8 inches in length, in 
front of a column of the same ga«i, 4 1 '4 inches long, these 8 inches 
intercepted 6 per cent, of the whole radi.it ion ; placed behind a 
column, 41 '4 inches long, the absorption of the .same 8 iiichts w^as 
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sensibly nil. So also with carbonic acid ; 8 inches in front absorbed 
6i pfT cent., while placed behind the effect was almost zero. Similar 
remarks apply to the other gases, tlie reason manifestly being that 
when the 8-inch stratum is in front, it stops the main portion of the 
rays which give it its thermal colour, while, when it is placed behind, 
these same rays have been almost wholly witlidrawn, and to the remain- 
ing 94 j)er cent., or thereabouts, of the radiation the gases are sensibly 
transparent. 

An extension of this reasoning enables us at once to conclude, 
that the sum of the absorptions of the two chambers taken sepa- 
rately must always be greater than the absorption effected by 
a single column of the gas of a length equal to the sum of the two 
chambers. This conclusion is illustrated ih a striking manner by 
the ex j)eri merits ; and it is further found that when the mean of the sunjs 
of the absorjitions is divided by the absorption of the sum, the quotient 
is sen^^ibly the same for all gases. It may also be inferred from con- 
siderations similar to the foregoing, that the sum of the absorptions must 
dimini‘'h, and approximate to the absorption of the sum, as the two 
chambt V'' become more unequal iu length, and that the sum of the 
absorptions of the two chambers is a maximum, when the medial rock- 
salt plate divides the long tube into two equal compartments. 

In these days a special interest attaches itself to the radiation of 
any gas through itself or through any other gas having the same period 
of vibration. The speaker referred to the results of an elaborate 
series of experiments on this interesting que'stion. The experimental 
tube, 49*4 inches long, was divided into two compartments by a parti- 
tion of rock-salt. All external sources of heat were abolished, and the 
pile, fiiniislied with its conical reffector, stood at the end of the tube. 
The compartment nearest the pile contained the gas which was to act 
as absorber, while that most distant from the pile held the gas which 
was to act as radiator. It is known that the destruction of the motion 
of a sensible mass of matter is always accomj)anied by the evolution of 
heat. A weight falling to the e«arth, and a ball striking a target, are 
heated on collision. The same is true for atoms, and in the present 
experiments the gas in the radiating chamber was heated by the collision 
of its owm jiartieles against the inner surface of the tube when they 
rushed in to fill the vacuum. The radiation was, in fact, what the 
speaker had niuuod “ dynamic radiation.” The lengths of the two 
chambers were varied, the radiating column being lengthened and the 
absorbing one shortened at one and the same time ; the sum of both 
was always the constant length 49*4 inches. 

The experiments wdth the va|)ours were thus executed. Both the 
chambers into which the tube was divided were, in the first place, oc- 
cupied by the vapour to be examined ; the usual pressure beiiig l-60th 
of an atpiosphere. The entrance of thi vapour was so slow, and its 
quantity so small, that the radiation due to the warming of the vapour 
by its own collision W'as inseiisilde. The needle being at zero, dry air 
was allowed to enter the chamber most distant from the pile. This 
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air became heated dynamically, communicated its heat to the vapour, 
and the latter immediately discharged the heat thus communicated to 
it against the pile. It is quite evident, that not only does this case 
resemble, but that it is actually of the same mechanical character as 
that in which a vibrating tuning-fork is brought into contact with a 
surface of some extent. The fork, which before was inaudible, be- 
comes at once a copious source of sound. What the sounding-board is 
to the fork, the compound molecule is to the elementary atom. The 
tuning-fork vibrating alone is in the condition of the atom radiating 
alone, the sound of the one and the heat of the other being alike insen- 
sible. liut in association with sulphuric or acetic ether-vapour the 
elementary atom is in the condition of the tuning-fork applied to its 
sound-board, communicating through the molecule motion to the lumi- 
niferous ether, as the fork through the board communicates its motion 
to the air. 

The experiments demonstrate the great opacity of a gas to radia- 
tioiis from the same gas. They also show in a very striking manner 
the influence of attenuation in the case of vapour. The individual 
molecules of a vapour may be powerful absorbers and radiators, but in 
thin strata they constitute an open sieve through which a large quan- 
tity of radiant heat may pass. In such thin strata, therefore, the vapours, 
us used in our experiments, were generally found farlesj> energetic than 
the gases, while in thick strata the same vapours showed an energy 
greatly superior to the same gases. The gases, it w ill be remembered, 
were alw^ays employinl at a pressure of one atniosphen\ 

A few striking experiments w'cre referred to in illustr.ition of the 
influence of a paper lining, or a coat of varnish or iampblack, within 
the experimental tube. In dynamic radiation it is not possible to do 
entirely away with the action of the interior surface of tlie tube itself. 
When the tube is of brass and well polished within, the entianee <»f the 
air ]>ro(luces a deflection ofT'o degrees, this being due to the (‘mission 
from the warmed suriace of the tulie. A lining of piiper two feet long 
raises the radiation sufficiently to drive the nubile through an are of 
80 degrees, while a ring of [uiper 1 i inches lung placed within the tube 
radiates suflicient to urge the needle through an are of ."ib d egret's. 

The speaker finally examined the diathennaiic} of the liquids from 
which his va])ours were derived, and the result leaves no shadow of a 
doubt upon the mind, that both absorption and radiation are inoleen- 
lar phenomena, irrespective of the state of aggregation. If any va])Our 
is a strong absorber and radiator, the liquid whence it comes is also a 
strong absorber and radiator. The moh^cule carries it.s jxiwer, or want 
of power, through all its states of aggregation. The order of absorp- 
tion in liquids and vaj)ours is precisely the same ; and the speaker 
looked forward with hope to the application of these n'sults to other 
portions of the domain of ihermotics. 

* r T I 



Friday, January 22, 1864. 

Sir IIenrv Holland, Bart. M.D. D.C.L. F.R.S. Vice-President, 

in the Chair. 

W. R. Grove, Esq. Q.C. F.R.S. M.R.I. 

On Boiling JValer, 

A PAVER by M. Donny M/*nioires de rAcadeniie Royale de 
Bruxelles,’ 1843) makes known the fact ihat in proportion as water 
is deprived of air, the character of its ebullition changes, becoming 
more and more abrupt, and boiling like sulphuric acid with sou- 
brfsauts, and that between (‘acli burst of vapour the water reaches a 
temtu^.^^ 1 re above its boiling point. To effect this, it is necessary 
that the water be boiled in a tube witli a na^^o^v orifice, through which 
the vapour issues ; if it be boiled in an open vessel, it continually re- 
absorbs air and ])oils in the ordinary way. 

In my experiments on the decomposition of water by heat, I found 
that with the o\y-hydrogen gas gi\en off' from ignited ]>latinum plunged 
into water, there was always a greater or less cpiantity of nitrogen 
mixed ; this T could never entirely get rid of, and I was thus led into 
a more careful examination of tlic phenomenon of boiling water, and 
set before myself this problem — what will be the effect of heat on 
water perfectly deprived of air or gas? 

Two copper wires were placed ])arallel to each other through the 
neck of a Florence fla^k, so as nearly to touch the bv)it('m, joining the 
lowxT ends of these was a fine j)]atimim wire, about mch long, and 
bent horizontally into a cur\e. Distilled water, which iiad been well 
boiled and cooled umler tlie receiver of an air-pump, was poured into 
this flask so as to fill about oue-fourth of its capacity. It was then 
placed under the receiver of an air-pump, and one of the copper wires 
brought ill contact with a metallic plate covering the receiver, the 
other bent baekw’ards over the neck of the Ihi'^k, and its end made to 
rest on the pump plate. By this means, when the terminal wires from 
a voltaic battery were made to touch, tlie one the upper and the other 
the lower plate, the platinum wire would be heated, and the boiling 
continued indefinitely in the vacuum of a very cxeolleiit air-pump. 
The etfect was very curious ; the water did not boil in the ordinary 
manner, but at intervals a burst of vapour took place, dashing the 
water against the sides of the flask, son.c escaping into the receiver. 
(There was a projection at the central orifice of the pump-plate to 
prevent this overfiovv getting into the exhausting tube.) 

After eacli sudden burst of vapour, tlie water became perfectly 
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tranquil, without a symptom of ebullition until the next burst took 
place. These sudden bursts occurred at measured intervals, so nearly 
equal in time, that, had it not been for the escape from tlie flask, at 
each burst, of a certain portion of water, the apparatus might have 
served as a timepiece. 

This experiment, though instructive, did not definitely answer the 
question I had proposed, as I could not of course ascertain whether 
there was some minute residuum of gas which would form the nucleus 
for each ebullition ; and I proceeded with others. A tube of glass, 5 feet 
long and iVhs inch internal diameter, was bent into a V shape ; into one 
end a loop of platinum wire was hermetically sealed with great care, 
and the portion of it in the interior of the tube was platinized. When 
the tube had been well w’ashed, distilled water, which had been purged 
of air as before, was poured into it to the depth of 8 inches, and the 
rest of the tube filled with olive oil ; when tlie V was inverted, the 
open end of the tube was placed in a vessel of olive oil, so that there 
would be 8 inches of water resting on the platinum wire, separated 
from the external air by a column of 4 feet 4 inches of oil. The 
projecting extremities of the platinum wire were now connected with 
the terminals of a voltaic battery and the water heated ; some air was 
freed and ascended to the level of the tube— this was made to escape 
by carefully inverting the tube so as not to let the oil mix with the 
water — and the experiment continued. After a certain time the boiling 
assumed a uniform character, not by such wsudden bursts as in the 
Florence flask experiment, but with larger and more distinct bursts of 
ebullition than in its first boiling. 

'Fhe object of platinizing the wire was to present more points for 
tne ebullition, and to prevent souhresauts as innrli as possible. 

The experiment was continued for many hours, and in some repe- 
titions of it for days. After the boiling had assumed a uintorui cha- 
racter, the progress of the vapour was carefully watched, and as each 
burst of vapour condensed in the oil, which was kept cool, it left a 
minute bead of gas, which ascended through the oil to the bend of the 
tube : a bubble was formed here which did not seem at all absorbed 
by the oil. This was analyzed by a eudionjeter, which I will presently 
describe, and proved to be nitrogen. The beads of gas, when viewed 
through a lens and micrometer scale at the same height in the tube, 
appeared as nearly as may be of the same size. No bubble of vapour 
was condensed completely, or without leaving this residual bubble. The 
experiment was frequently repeated, and continued until the water was 
so nearly boiled away, that the oil, when disturbed by the boiling, 
nearly touched the platinum wire; here it was necessarily stopped. 

To avoid any question about the boiling being by electrical means, 
similar expeniments were made with a tube, without a platinum wire, 
closed at its extremity, and the boiling was produced by a spirit-lamp. 
The effects were the same, but the experiment was more difficult and 
imperfect, as the bursts of vapour were more sudden, and the duration 
of the intervals more irregular. 
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The beads of gas were extremely minute, just visible to the naked eye, 
but were made visible to the audience by means of tlie electric lamp. 

In these experiments there was no pure boiling of water, i. e, no 
rupture of cohesion of the molecules of water itself, but the water was 
boiled, to use M. Donny’s expression, by evaporation against a surface 
of gas. 

It is hardly conceivable that air could penetrate through such a 
column of oil, the more so as the oil did not perceptibly absorb the 
nitrogen freed by the boiling water and resting in the bend of the tube ; 
but to meet this conjectural difficulty, the following experiment was 
made. A tube, 1 foot long and i“oths inch internal diameter, bent into 
a slight angle, liad a bulb of ^-inch diameter blown on it at the angle ; 
this angle was about 3 inches from one end and 9 from the other ; a 
loop of platinum wire was sealed into the shorter leg, and the whole tube 
and bulb filled with and immersed into mercury ; water, distilled and 
purged of air as before, wius allow'ed to fill the short leg, and by care- 
fully adjusting the inclination, the water could be boiled so as to allow 
bubbles to ascend into the bulb and displace the mercury. The effect 
was the same as with the oil experiment, no ebullition without leaving 
a bead dt gaa ; the gas collected in the bulb, and was cut off by what 
may be termed a valve of mercury, from the boiling water, then 
allowed to escape, and so on ; the experiment was continued for many 
days, and the bubbles analyzed from time to time; they proved, as 
before, to be nitrogen ; and, as before, continued indefinitely, 

A similar experiment was made without the platinum wire, and 
though, from the greater difficulties, the experiment was not so satis- 
factur} , the result was the same. 

As tlie mercury of the common barometer will keep air out of its 
vacuum for years, if nut for centuries, there could be no absorption 
here from the external atmosphere, and I think I ftm fairly entitled to 
conclude from the above experiments — which 1 believe went far beyond 
any that ha\e been recorded — that no one has yet seen the phenomenon 
of pure water boiling , — u e. of the disruption of the liquid particles cf 
the o\y-h}drogen compound so as to produce vapour which will, when 
condensed, become water, leaving no permanent gas. Possibly, in my 
experiment of the decomposition of water by ignited platinum, it may 
be that the sudden application of intense heat, and in some quantity, 
so forces asunder the molecules that, not having sufficient nitrogen 
dissolved to supply them with a nucleus for evaporation, the integral 
molecules are severed, and decomposition takes place. If this be so, 
and it seems to me by no means a far-fetched theory, there is probably 
no such thing as boiling, properly so called, and the effect of heat on 
liquids in w'hich there is no dissolved gas may be to decompose them. 

Considerations such as these led me to try the effect of boiling on 
an elementary liquid, and bromine occurred as the most promising one 
to work upon ; as bromine could not be boiled in contact with water, 
oil, or mercury, the following plan was ultimately devised. A tube, 
4 feet long and Aths inch diameter, had a platinum loop sealed into 
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one closed extremity ; bromine was poured into the tube to the height 
of 4 inches ; the open end of the tube was then drawn out to a mie 
point by the blow-pipe, leaving a small orifice ; the bromine was then 
heated by a spirit-lamp ; and when all the air was expelled, and a jet 
of bromine vapour issued from the point of the tube, it was sealed by 
the blow-pipe. There was then, when the bromine vapour had con- 
densed, a vacuum in the tube above the bromine. The platinum loop 
was now heated by a voltaic battery, and the bromine boiled : this was 
continued for some time, care being taken that the boiling should not 
be too violent. At the end of a certain period — from half-an-hour to 
an hour — the platinum loop gave way, being corroded by the bromine ; 
the quantity of this had slightly decreased. On breaking off, under 
water, the point of the tube, the water mounted and showed a notable 
quantity of permanent gas, which on analysis proved to be pure oxygen. 
As much as a quarter of a cubic inch was collected at one experiment. 
The platinum wire, which had severed at the middle, was covered with 
a slight black crust, which, suspecting to be carbon, I ignited by a 
voltaic spark in oxygen in a small tube over lime-water ; it seemed to 
give a slight opalescence to the liquid, but the (juantity was so small 
that the experiment was not to be relied on. No definite change was 
perceptible in the bromine ; it seemed to be a little darker in colour 
and had a few black specks floating in it, which I judged to be minute 
portions of the same crust which had formed on the platinum wire, and 
which had become detached. 

The experiment was repeated with chloride of iodine and with the 
same result, except that the quantity of ox} gen 'was greater: 1 col- 
lected as much as half a cubic inch in some experiments, fi^n an equal 
quantity of chloride of iodine, the platinum wire, howe\er, was more 
quickly acted on than with the bromine, and the glass of the tube 
around it to some extent. 

Melted phosphorus was exposed to the heat of the voltaic dis- 
ruptive discharge by taking this between platinum points in a tube of 
phosphorus, similarly to aii experiment of Davy*s, but with better 
means of e\peri?nenting ; a considerable quantity of phosphuretted 
hydrogen was given off, amounting iti several exjKjriments to more than 
a cubic inch. 

A similar experiment was made with melted sulphur, and sul- 
phuretted hydrogen was given off, but not in such quantities as the 
}>hosphurctted hydrogen. I tried in vain to carry on these experi- 
ments l^eyond a certain point ; the substance became pasty, mixed 
with platinum from the arc, and from the difficulty of working with 
the same freedom as when they were fresh, the glass tubes were always 
broken after a certain time. Had I time for working on the subject 
now, I should use the discharge from the Ituhmkorf coil, which }iad not 
been invented at the period of these experiments. At a subsequent 
period, when this discharge was taken in the vacuous receiver of an air- 
pump from a metallic point to a metallic capsule containing phosphorus, 
a considerable yellow deposit lir»^d the receiver, which, on testing, 
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turned out to be allotropic phosphorus. No gas is, however, given off. 
I had an air-pump (described, ‘ Phil. Trans.,’ 1852, p. 101) which 
enabled me to detect very small quantities of gas, but I could get 
none. It was in making these experiments that 1 first detected the 
striee in the electric discharge, which have since become a subject of 
such interesting observations, which are seen, perhaps, more beauti- 
fully in this phosphorus vaoour than in any other medium, and which 
cease, or become very feeble, where the allotropic phosphorus is not 
produced. 

I tried also phosphorus highly heated by a burning-glass in an 
atmosphere of nitrogen, but could eliminate no perceptible quantity of 
gas, though the phosphorus was changed into the allotropic form. 

It is not difficult to understand why gas is not perceptibly eliminated 
in the hist two experiments ; the effect is probably similar to that de- 
scribed in my paper on the “ Decomposition of Water by Heat,” where, 
when the arc or electric spark is taken in aqueous vapoui, a minute 
bubble of oxyhydrogen gas is freed and disseminated through the 
vapour, recombination being probably prevented by this dilution ; but, 
however long experiment may be continued, no increased quantity 
of the gas is obtained, all bevond this minute quantity being recom- 
bined. If, however, the bubble of gas be collected, by allowing the 
vapour to cool, and then expelled, a fresh portion is decomposed, and 
so on. 

So with the phosphorus in the experiments in the air-pump and 
with the burning-glass ; if any gas is liberated it is probably imme- 
diately recombined with tlie phosphorus ; possibly a minute residuum 
might escape recombination, but the circumstances of the experiment 
did not admit of this being collected, as the gas was with the aqueous 
vapour. 

When, on the other hand, the gas freed is immediately cut off from 
the source of heat, as when the spark is taken in liquids, an indefinite 
quantity can be obtained. 

Decomposition and the elimination of gas may thus take place by 
the application of intense heat to a point in a liquid, or also in gas or 
vapours ; but, in the latter case, it is more likely to be masked by the 
quantity of gas or vapour through which it is disseminated. 

I believe there are very few gases in which some alteration does 
not take place by the application of the intense heat of the voltaic arc 
or electric vspark. If the arc be taken between platinum points in dry 
oxygen-gas over mercury, the gas diminishes indefinitely, until the 
mercury rises, and by reaching the point where the arc takes place, 
puts an end to the experiment. I have caused as much as a cubic inch 
of oxygen to di.sappear by this means. I at one time thought this wm 
due to the oxidation of the platinum ; but the high heat renders this 
improbable, and the deposit formed on the inti rior of the glass tube in 
which the experiment is made has all the properties of platinum-black ; 
so if the spark from a Ruhmkorf coil be taken in the vapour of water 
for several days, a portion of gas is freed which is pure hydrogen, the 
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oxygen freed being probably changed into ozone, and dissolved by the 
water in this case, while in the former it combined with the mercury. 

I have alluded to the eudiometer by which I analyzed the gases 
obtained in these experiments ; it was formed simply of a tube of glass, 
frequently not above 2^ millimetres in diameter, with a loop of wire 
hermetically sealed into one end, the other having an open bell-mouth. 
By a platinum wire a small bubble of the gas to be examined could be 
got up through water or mercury into the closed end of the tube, and 
by the addition of a bubble of oxygen or hydrogen gas, a very accurate 
analysis of very minute quantities of gas could be made : I have ana- 
lyzed by this means quantities no larger than a partridge-shot. 

I need hardly allude to results on the compound liquids, such as 
oils and hydrocarbons, as the fact that permanent gas is given off in 
boiling such liquids would not be unexpected ; but the above experi- 
ments seem to show that boiling is by no means necessarily the 
phenomenon that has generally been supposed, viz, a separation of 
cohesion in the molecules of a liquid from distension by heat. I 
believe, from the close investigation I made into the subject, that 
(except with the metals, on which there is no evidence) no one has 
seen the phenomenon of pure boiling without permanent gas being 
freed, and that what is ordinarily termed boiling arises from the extri- 
cation of a bubble of permanent gas either by chemical decomposition 
of the liquid, or by the separation of some gas associated in minute 
quantity with the liquid, and from which human means have hitherto 
failed to purge it; this bubble once extricated, the vapour of the 
liquid expands it, or, to. use the appropriate phrase of M. Donny, the 
liquid evaporates against the surface of the gas. ** 

My experiments are, in a certain sense, the compbmient of his. 
lie showed that the temperature of the boiling point was raised in 
some pro})ortion as water was deprived of air, and that under such 
circumstances the boiling took place by souhrehunts, 1 have, 1 trust, 
shown that w'hen the vapour liberated by boiling is allowed to con- 
dense, it does not altogether collapse into a liquid, but leaves a residual 
bubble of permanent gas, and that at a certain point this evolution 
become‘4 uniform. 

Boiling, then, i.s not the result of merely raising a liquid to a given 
temperature, it is sometliing much more cuniplex. 

One might suppose tliat with a compound liquid the initial bubble 
by which evaporation is enabled to take place might, if all foreign gas 
were or could be extracted, be formed by decomposition of the liquid : 
but this could not be the case with an elementary liquid ; whence the 
oxygen from bromine or tlie hydrogen from phosphorus and sulphur? 
As with the nitrogen in water, it may be that a minute portion of 
oxygen, hydrogen, or of water is inseparable from these substances, 
and that if boiled away to absolute dryness, a minute portion of gas 
would be left for each ebullition. 

AVith water there seems a point at which the temperature of ebul- 
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lition and the quantity ol nitrogen yielded become uniform, though the 
latter is exoessively minute. 

The circumstances of the experiments with bromine, phosphorus, 
and sulphur, did not permit me to pu>h tlie exi)eriniei]t so far as was 
done with water, but as far as it went the result was similar. 

When an intense heat, such as tliat from the electric spark or 
voltaic arc, is applied to permanent gas, there are, in the greater 
number of cases, signs either of chemical decomposition or of molecular 
change; thus compound gases, such as hydrocarbons, ammonia, the 
oxides of nitrogen, and many others are decomposed. Phosphorus in 
vapour is changed to allolro])ic phosjdioriis, ox}gen to ozone, which, 
according to present experience, may be viewed as allotropic oxygen, 
'riiere may be many cases where, as with aqueous \apour, a small 
portion only is decomposed, and this may be so rna'^ked by the volume 
of undeconqjosed gas as to escape detection ; if, for instance, the vapour 
of water were incondensable, the fact that a portion of it is decomposed 
by the electric spark or ignited platinum \%ould not have been observed. 

All these facts show that the effect of intense heat applied to 
liquids and gases is much less simple, and presents greater interest to 
the chemist tiiau has generally been supposed. In far the greater 
number of cases, possibly in all, it is not nmre expansion into vapour 
which is produced by intense heat, but there is a chemical or mole- 
cular change. Had circumstances permitted I should have carried 
these experiments further, and endeavoured to find an experiment urn 
cruris on tlie subject. There are difficulties with such substances as 
bromine, phosphorus, &c., arising from tlieir action on the substances 
used to contain and heat them, which are not easy to vanquish, and 
those who may feel inclined to repeat my exi)eriments will find these 
difficulties greater than they appeal in narration ; bnt I do not think 
they are insujierable, and hot)e that, in the hands of those who are 
fortunate enougli to liave time at their disposal, they may be overcome. 

I'o completely isolate a substance from the surrounding air and yet 
be able to experiment oil it, is far more difficult than is generally sup- 
posed. The air-pump is but a rude mode for such experiments as are 
here detailed. 

Caoutchouc joints are out of the question ; even platinum wires 
carefully sealed into glass, though, as far as I have been able to 
observe, forming a joint which will nut allow gas to pass, yet it is one 
through which liquids will effect a passage, at all events when the 
wires are repeatedly heated. 

In some experiments with the ignited platinum wire hermetically 
sealed into a tube of glass, the end of the tube containing the platinum 
wire was placed in a larger tube of oil, to less»en the risk of cracking 
the glass. After some days’ experimenting, though the sealing remained 
perfect, a slight portion of carbon was found in the interior liquid. 
This does not affect the results of my experiments, as I repeated them 
with glass tubes closed at the end and without platinum wires, and also 
without the oil-bath ; but it shows how difficult it is to exclude sources 
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of error. When water has been deprived of air to the greatest prac- 
ticable extent it becomes very avid for air. The following 'ex])eriment 
is an instance of this ; A single pair of the gas-battery, the liquid in 
which was cut off from the external air by a greased glass stopper, 
having one tube filled with water, the other with hydrogen, the pla- 
tinized platinum plates in each of these tubes were connected with a 
galvanometer, and a deflection took place from the reaction of the 
hydrogen on the air dissolved in the water. After a time the deflection 
abated, and the needle returned to zero, all the oxygen of the air 
having become combined with the hydrogen. If now the stopper were 
taken out, a deflection of the galvanometric needle immediately took 
place, showing that the air rapidly enters the water as water would a 
sponge. Absolute chemical purity in the ingredients is a matter, for 
refined experiments, almost unattainable ; the more delicate the test, 
the more some minute residual product is detected ; it would seem (to 
put the proposition in a somewhat exaggerated form) that in nature 
everything is to be found in anything if we carefully look for it. 

I have indicated the above sources of error to show the close pur- 
suit that is necessary when looking for these minute residual phe- 
nomena. Enough has, I trust, been shown in the above experiments 
to lead to the conclusion that, hitherto, simple boiling, in the sense of 
a liquid being expanded by heat into its vapour without lieing decom- 
posed or having permanent gas eliminated from it, is a thing unknown. 
Whether such boiling can take place may be regarded as an open 
question, though I incline to think it cannot ; that if water, for 
instance, could be absolutely depri\ed of nitrogen, it would not boil 
until some portion of it was decomposed ; that the physioiJ sevennce 
of the molecules by heat is also a chemical severance*. Jf there be 
anything in this theoretic view, there is great promise of inqiortant 
results on elementary liquids, if the difficulties to which I have alluded 
can be got over. 

The constant appearance of nitrogen in water, when boiled off out 
of contact with the air almost to the last dro[), is a matter well worthy 
of investigation. I will not speculate on what possible chemical con- 
nection there may be between air and water; the preponderance of 
these two substances on the surface of our planet, and the probability 
that nitrogen is not the inert diluent in respiration that is generally 
supposed, might give rise to not irrational conjectures on some unknown 
bond between air and water. Hut it would be rash to announce any 
theory on such a subject; better to test any guess one may make, by 
experiment, than to mislead by theory without sufficient data, or to 
lessen the value of facts by connecting them with erroneous hypotheses. 

[W. K. (!.] 
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riioFiti''OR OK tHiMihmr, losnoN insthliion, 

0/1 the S}j/i thesis of Organic Bodies. 

On this tray you will see a collection of well-known substances.* Com- 
pare these substances with one another, and you will he struck with 
their dissimilarities. Some are solids and crystalline and brittle, 
others are liquids which are more fluid than water. Some are without 
colours; others are highly coloured, and arc used for dyeing. Some 
are sweet, othei» are bitter; .some have delightful perfumes, others 
have dreadful smells ; some are wholesome food, others the most 
powerful j)oisons known to man. 

In s[)ite of this \vonderful diNcrsity in their properties, all the 
specimens on this tray are compounds of carbon, with a very few 
elements, (^arbon, hydrog(‘u, oxygen, and nitrogen are the only 
elements which occur in this collection of substances. Some of these 
substances contain carbon and h\drogen ; some contain carbon, hydrogen, 
and oxygen ; some, carbon, liydrogen, and nitrogen, and some again 
contain carbon, hydrogen, oxygen, and nitrogen. But not one of the 
specimens on this tray contains anything besides these four elements. 

I’here is no ditliculty in resolving any one of these substances into 
its ultimate elements. This sugar,! for example, on being heated to 
redness in a tube, leaves a black dejmsit which is carboi., whilst a 
liquid which is water distils over. If we were to electrolyse this 
liquid, we should obtain h}drogen and oxygen, and so we should 
exhibit carbon, hydrogen, and o\\gen obtained from sugar. Again, 
instead of heating this sugar in the tube without allowing the air free 
acce‘>s to it, we might burn it in excess of oxygen. If we were to do 
80 , we .should obt.iin carbonic acid and water, and, moreover, all the 
carbon in the sugar would assume the form of carbonic acid, and all 
the hydrogen the form of water. So we can obtain carbon and 
hydrogen, either in tlu» free .state, or in the \ery common and well- 
known forms of combination as carbonic acid and water. Nitrogen, 
when it is present, can be made to assume the form of free nitrogen. 
For that purpose, all that is recpiisite is to h -at tfio substance to red- 

* A tray, with a number of organic bodies lying upon it. was before the 
speaker. 

t Cane sugar was heated to redness in a tube. 
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ness with excess of oxygen, and to adopt certain precautions to avoid 
the production of oxide of nitrogen. 

Thus, the pulling to pieces of tlioso substances on the tray is a 
matter of very little difhculty: more than fifty years ago chemists 
could do that— but how to put the pieces together again is a much more 
difficult task. 

Sugar consists of 72 parts by w'eight of carbon. 11 parts of hydrogen, 
and 88 parts of oxygen. We may bring together carbon, h}drogen, 
and oxygen in these jiroportions. and snake them up together, or lieat 
them or cool them, and \et we shall never get them to combine so as 
to form sugar. Alcohol consists of 24 parts of carlion, (> parts of 
hydrogen, and 16 parts of oxygen, but no alcohol (‘ver results from 
making such a mixture. Ntuiher sugar nor alcohol can exist at the 
temperature to which it is recpiisite to raise our mixture of carbon, 
hydrogen, and oxygen, in order to get chemical action to se‘t in. At 
ordinary temperature the organic elements will not enter into combi- 
nation, whilst at high temperatures they combine, it is true, but yield 
comparatively very few comjiounds. 

It was long after chemists had effected the anals^sis of organic 
bodies before they learnt how to etfect the synthesis of even one of 
them, and hence the belief sprung np that organic jiroduets. sneh as 
those on our tray, were intrinsically different from mineral products. 
Whilst stones, water, and the like were regarded as having their ultimate 
particles Jield together by mere dead forces, stigar, alcohol, &c., were 
regarded as being held together by vital forces, as being in sliort, in 
some subordinate way, alive. 

Now, no more jiositive refutation of this notion can Wi imagined 
than the artificial construction of substances, in every respect, like 
those obtained from the animal and vegelal)le kingdoms, and hence 
some of the jihilosopliical interest attached to the problem which forms 
the subject of this tlisconrse. 

The first definite example of the construction of an organic body 
from inorganic materials was given by WuIiUt, in IH28, when he made 
the organic base urea from cyaiiale of ammouia. 

Let us trace the steps of this process. ('\aui(leof potassium — a 
body which can exist at a red heat (some cyanide of potassium was 
exhibited in the form of tabular masses which had been fused), and 
which can moreover be formed directly from its con>tituents (carbon, 
nitrogen, and potassium) — wa.s oxydized by means of peroxide of 
manganese at a low red heat, and so cyanate of potash was obtained. 
Ihecyaiiate of potash wi)s next converted into cyanate of ammonia by 
double decotn position with sulphate of arnmonia. 'J'hus cyanate of 
ammonia was produced from its elements by a jirocess which, althotigh 
indirect, still did -tiot iinoha* the action of either a plant or an 
animal. Cyanate of amniotiia becomes urea, when its solution in 
water is simply evaporated to dryness 

It was cut ions that the lirst organic body to be constructed should 
have been a nitrogenous coiufiound. 



[JBRARY OF SCIFNCK 


477 


In 1831 y three years after this important discovery of Wohler’s, 
formic acid —the first term of the fatty acid series — was obtained from 
inorganic materials by Pelouze. 'I'lie process was this: — Hydro- 
cyanic acid, a body capable of being obtained from inorganic materials, 
was heated either with strong alkalies or acids, and was so made to react 
upon the elements of water as follows : — 

Hydrocyanic Acid. Formic \cid. 

~Nir + 2 If, O N II, + (MM)* 

and yielded formic acid. 

It does not ai)pear that this research of Pelouze’s attracted that 
attention which it deserved. I'his we must attribute to the circum- 
stance, that at this period the position of formic acid in the organic 
series was not recognized. 

The next step of importance in organic synthesis was taken by 
Kolbe in 184o. It was the synthesis of acetic acid, the second terra 
of the fatty series. Kolbe’s process was this : — Sulphide of carbon, 
obtained hv the direct combination of carbon with sulphur at a red 
heat, was sub.niiied to the action of chlorine at a red heat, by which 
means certain compounds of carbon and chlorine were obtained. One 
of the compounds, (J, (3^, was then acted upon by chlorine in the pre- 
sence of water, and tri-chlor-acetie acid resulted. 

Having thus got tri-chlor-acetic acid by thoroughly inorganic 
means, Kolbe availed himself of the observation hich had been 
made of MeLsens — that treatment of tri-chlor-acetic acid with 
potassium-amalgam and water converted it into acetic acid. 

Kolbe was fully sensible of the scope and importance of his 
discovery. 1 he following jiassage occurs in his paper, published in 
‘Liebig’s Anualeu,* for 1815: — “From the foregoing observations 
wc deduce the interesting fact that acetic at'id, hitherto known 
only as a product of the oxidation of organic inalcriaK. can be 
built u]) by almost direct synthesis from its elements. Sulphide of 
carhon, cliloride of carbon, and chlorine are the agents which, 
along with w'a^er, accomplish the cran.sformation of carhon into acetic 
acid. If we could only tran.sfonn acelie acid into alcohol, and out of 
the latter could obtain sugar and starch, then we should be enabled to 
build up these common vegetable principles, by the so-called artificial 
method, from their most ultimate elements.” Thus it appears that 
Kolbe looked forward to the building up of organic bodies In geuend, 
and that he was quite alive to the fact that the synthesis of acetic acid 
completed the syntliesis of the derivations of acetic acid. 

Among these derivations may be enumerated acetone, the product 
of the destructive distillation of acetates ; marsh gas, obtained by 
distilling an acetate wuth a caustic alkah , ethylene, obtaineil by 
Bunsen by lieating kakod>l, which itself results by the action of 
arsenious acid upon an acetate. The electrolysis of acetic acid, 
which Kolbe aceoinplished a few^ years afterwards, yielded methyl and 
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oxide of methyl, which latter, in its turn, could be transformed into 
any other methylic compound. 

Marsh gas was moreover prepared by Regnault, by treating C CI 4 
with nascent hydrogen ; and the common methylic compounds appear 
to have been produced by Dumas from marsh gas, the chloride of 
methyl having been obtained by Dumas by the action of chlorine upon 
marsh gas. 

Before 1854, all the foregoing syntheses were fully completed, 
t. e. there was no step missing between the elements themselves and 
the most complex compound reached ; but, in addition to these com- 
plete and definite syntheses, there had also been a good deal of building 
up of an incomplete or of a less definite character before 1854. 

It was known, in a general way, that organic bodies of tolerably 
simple composition sometimes gave complex products on destructive 
distillation. Thus, alcohol was known to give naphthaline, benzol, and 
carbonic acid when it was pressed through a red-hot tube. Formiates 
were also known to yield hydro-carbons when they were subjected to 
destructive distillation. The precise dates of these different obser- 
vations I cannot give, but hand-books of chemistry, published before 
1854, contain a statement of the facts. 

A few years after 1820 — before Wohler’s celebrated Synthesis of 
Urea, a very remarkable instance of passage from a simpler to a more 
complex compound was given by Faraday and llennell. This example 
is placed along with the indefinite syntheses because it was generally 
disbelieved in by chemists, and only within the last few years, when it 
was confirmed by Berthclot, received the general assent. Faraday and 
Hennell found that olefiant gas was absorbed by sul])huric aoid and gave 
sulpho-vinic acid, from which of course alcohol and the ethers might 
be procured. Liebig denied what Faraday and llennell had asserted, 
and the latter did not insist upon the correctness of their work, and did 
not take .the necessary steps for ensuring the reception of their results. 

Shortly before 1854, a most capital addition to the art of organic 
synthesis was borrowed from the doctrine of the Homologous Series. 
I will endeavour to explain it. 

Organic bodies repeat themselves : thus conimon alcohol has a 
whole series of representatives, differing from it in formula by w (C II*), 
but resembling it very closely in chemical functions. Alcohol, and 
these its representatives, constitute a homologous series. F]veryone of 
these representatives (homologues) of alcohol possesses a set of ethers 
and other derivatives, just as common alcohol possesses its ethers and 
derivatives. With certain limitations, it is true that whatever neaction 
can be accomplished with one alcohol can be accomplished with any 
other alcohol of the series. 

Synthesis by series will then be easily understood by an example : — 
Suppose we obtain a building-up by starting with common alcohol, we 
should infer that an analogous building-up could be made by starting 
with any other alcohol of the series. 

Here follows a table of the homologous series of alcohols, and of 
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the homologous acids which are related to them : — 


Methyl alcohol C H/) 
Ethyl ale. C«HeO 

Propyl ale. CallgO 

Tetryl ale. C 4 H 10 O 

Amyl ale. CsII.gO 

Hexyl ale. CeHuO 


c ir.o. 

Formic Acid 

C.II.O, 

Acetic A. 

0,11,0, 

Propionic A. 

CJ 1 . 0 . 

Butyric A. 


Valerianic A. 

Q.1I„0. 

Caproic A. 


?? 

Cetyl ale. 




C..HaA 


Palmitic A. 


Ceryl ale. 


€*, 11^0 


€*7^1540. 


Cerotic A. 


A good example of synthesis by series was furnished by Fraiikland 
and Kolbe, who showed that various cyanides of the alcohol-radicles 
yield the next higher acid in the series when they are digested with an 
alcoholic solution of potash, thus : — 


Cyanide of Methyl. Acetic Add. 

C H.C N If C.H.O, 

+ 2 11*0 f-] -f N H. 

The effect of the alkali is to cause d(H*omposition of water by means 
of the cyanide, and the reaction very closely resembles Pelouze’s, of 
which mention has already been made. 

By means of this synthesis, which is general to the whole series, 
chemists acquired a method of ascending from any given alcohol to 
the acid belonging to next higher alcohol. It will be evident, how- 
ever, that this step, important though it was, did not suffice to enable 
chemists to march regularly up the ladder. The step from acetic 
acid to alcohol— from an acid to an alcohol of the same carbon- 
condensation, was wanting. 

This synthesis by senes was an incomplete synthesis ; there was a 
gap requiring to be filled up, in order that the regular march might 
be made up the vinic series. 

From the foregoing, it will be seen that by the year 1854 very 
considerable progress iiad been made in the building-up of organic 
bodies from their ultimate elements. 

We now pass on to the consideration of the period comprising the 
last ten years, from* 1854 up to the present time. 

During this period we have had new methods of accomplishing 
some of the syntheses wliich had been effected previously. Thus, 
formic acid, which, as we have seen, had been formed from inorganic 
materials so long ago as 1831, was built up by Berthelot by means of 
carbonic oxide and caustic potash, — 

CO + KlIO = CIIKO, 
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and again by Kolbe, by using carbonic acid, moisture, and sodium 
(the moisture and sodium giving nascent hydrogen), — 

C 0* + n + Na = C H Na O, 

Again also, the passage from an alcohol to the next higher acid was 
repeated. Carbonic acid and a compound of an alcohol-radicle with 
an alkali-metal coalesced, and formed a salt of a fatty acid thus : — 

SodiuQi-etbyl. PropioiKite of Soila. 

CO, + NrciTlI = cTh3^8 • 


Still these reactions, however interesting they might be, wore not 
new syntheses; they were only new methods of effecting old syntheses. 

The great problem, how to step from one alcohol to that next 
above it, has recei\ed a general solution from Mendius. Meiidius used 
cyanogen compounds, those hydrocyanic ethers which had already 
done such good service to organic synthesi‘5, and exposed them to the 
action of nascent hydrogen, and so obtained amhies of alcohol-radicles 
higher than the alcoliol-radicles started from. The reaction bears a 
close similarity to the one which takes place between the cyanides and 
alcoholic solution of potassh, and which, as will be remembered, enabled 
us to pass from the alcohol to the acid next above. 

Here is a scheme to show the parallel : — 


Transfokmation tx) Amide. 


IV 

C 


A h; 


N ii; * 

IV II 

C ) II 

c. TI. 


Transformation to Acid. 


IV 

C 


c. Ii; 


IV 

C 


HO 

0" 

c, ii; 


In the one case nitrogen is replaced by N II, and II, II ; and in the 
other by II 0' and U". 

Mendius was able to commence even witfi hydrocyanic acid. The 
steps in his synthesis are the>e : — 


Hydrocyanic A<’id to MEniYLAMiNi:. 

(1) CNH + 11, = CH.NH. 


• The experiment was shown, ami the great evolution of lient m hioh took 
place on bringing carbonic acid into contact with sodium-ethyl was apparent. 
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Methylamine, by means of nitrous acid to metlivl alcohol ; methyl- 
alcohol to cyanide of methyl, well-known processes being employed to 
effect this : 


Cyanide op Methyl to P^tiiylamine. 

(2) C N C U, + 11, = C* II, N JI. 

From ethylamine it is easy to get cyanide of ethyl, from which, by 
a third repetition, we arrive at the propylic stage : — 

(3) CNC^ir, + H, = C,II,NII, 

Thus the vinic series may be ascended ; thus there is reason to think 
we niay begin with so simple a body as prussic acid, and step by step 
proceed from one alcohol to the next above it, until we reach the fats 
and the waxes. There are other methods of effecting the synthesis of 
the alcohol series, but none of them seem to be so complete and 
satisfactory as this : — Berthelot has obtained alcohols by adding the 
elements of water to the olefines, and some of the olefines he has 
obtained by the destructive distillation of fonniates ; but it is an 
open question— how many olefines can be got by heating theformiates ? 
And, at any rate, there is no precision in the preparation of olefines 
from fonniates. 

A very neat and beautiful way of preparing one olefine, viz. com- 
mon olefiant gas is, however, due to Berthelot. He exposes charcoal 
to the action of hydrogen at a very high temperature — the temperature 
of the electric arc, and then union takes place, resulting in the formation 
of Acet} leiie : 

1T*= C,ll« 

Acetylene exposed to the action of nascent hydrogen in an alkaline 
liquid gives olefiant gas : — 

CJI.+ II.= C,1I, 

Friedel and Wurtz have converted aldehydes and ketones into 
alcohols by the action of nascent h}drogen, and thence there arises 
another method of ascending the vinic series, and bedsides there are a 
number of other reactions wliich are capable of more or less general 
employment for the purpose of building up the alcoholic scries, but 
which we have not time to particularize. 

The alcohols having been got, many other important organic 
compounds follow, and tliere is good reason for believing that with 
the progress of the science all will be derived from them, so that 
the series of the alcohols will constitute a kind of backbone to org.mic 
chemistry. 

Most modern organic researches are capable of being looked at 
from a synthetical aspect, for they generall} disclose how to devise some 
organic bodies from compounds which either themselves are, or will be, 
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capable of complete synthesis. Cillycerine, the base of the fats, has 
been derived from the proj)ylic series, having been obtained, by Wiirtz, 
by a somewhat circuitous process from pr()j)ylene — the olefine of that 
series. 

The sugars have not been, as yet, unequivocally produced, but they 
will be, for their connection witli the hexylic series is now placed 
beyond a doubt. The ])roduction of gljeerides from glycerine and 
fatty acids is the proof that the natural fats are witliin our grasp. 'J'he 
aromatic series with its many derixations, among whicli may be men- 
tioned the wonderful aniline dyes which rival tliose got more immedi- 
ately from the animal and vegetable kingdoms, becomes accessible to 
synthesis through common alcohol, whicli on lieing heated to redness 
gives benzol and carbolic acid — members of the aromatic series. 

\Vurtz*s compound ammonias, and above all, the immense and 
wonderful development of the class of compound ammonias arising 
from the labours of Hofmann are the pledge that the natural alkaloids — 
quinine, morphine, stryclinine, and their congeners will one day be 
within our reach. 

Glycocoll, produced by Perkin and Duppa from a<‘etic acid, and 
the bases of the juice of flesh, which have been recently formed by 
Vollhardt and Hofmann, assure us that albumen — that essential ingre- 
dient of our food — will not elude us. 

Why should those medicines and foods which we find in nature be 
the most useful which are jiossible? Would it not rather be strange 
if they were ? 

Hereafter, perhaps, medicines as much more potent than quinine, as 
quinine is than the extracts of the commonest herb that grows wild, 
may be the produce of our laboratories. ^ 

[J. A. W.] 



Friday, March 4, 1864. 

Sib Hknby Holland, Bart. M.D. D.C.L. F.R.S. Vice-President, 

in the Chair. 

Professor G. G. Stokes, M.A. D.C.L. Sec. R.S. 

On the Discrimination of Organic Bodies by their Optical 
Properties* 

Tjie chemist who deals with the chemistry of inorganic substances has 
ordinarily under his hands bodies endowed with very definite reactions, 
and posticssing great stability, so as to pernut of the employment of 
energetic reagents. Accordingly he may afford to dispense with the 
aids supplied by the optical properties of bodies, though even to him 
they might be of material assistance. The properties alluded to are 
such as cpn Vo applied to the scrutiny of organic substances ; and 
therefore the examination of the bright lines in flames and incandescent 
vapours is not considered. This application of optical observation, 
though not new in principle (for it was clearly enunciated by Mr. Fox 
Talbot more than thirty years ago), was hardly followed out in relation 
to chemistry, and remained almost unknown to chemists until the pub- 
lication of the researches of Professors Bunsen and Kirchhoff, in con- 
sequence of which it has now become universal. 

But while the chemist who attends to inorganic compounds may 
confine himself without much loss to the generally-recognized modes of 
research, it is to his cost that the organic chemist, especially one who 
occupies himself with proximate analysis, neglects the immense assist- 
ance which in many cases would be aftbrded him by optical examination 
of the substances under his hands. It is true that the method is of 
limited application, for a great number of substances possess no 
marked optical characters ; but when such substances do present them- 
selves, their optical characters afford facilities for their chemical study 
of which chemists generally have at present little conception. 

Two distinct objects may be had in view in seeking for such inform- 
ation as optics can supply relative to the characters of a chemical 
substance. Among the vast number of substances which chemists have 
now succeeded in isolating or preparing, and which in many cases 
have been but little studied, it often becomes a question whether two 
substances, obtained in different ways, are or are not identical. In 
such cases an optical comparison of the bodies will either add to the 
evidence of their identity, the force of the additional evidence being 
greater or less according as their optical characters are more or less 
marked, or will establish a difference between substances which might 
otlierwise erroneously have been supposed to be identical. 
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The second object is that of enabling us to follow a particular sub- 
stance through mixtures containing it, and thereby to determine its 
principal reactions before it has been isolated, or even when there is 
small hope of being able to isolate it; and to demonstrate the exist- 
ence of a common proximate element in mixtures obtained from two 
different sources. Under this head should be classed the detection of 
mixtures in what were supposed to be s()lu;ions of ^iMgle substances,* 

Setting aside the labour of quantitative determinations carried out 
by well-recognized methods, the second object is that the attainment of 
which is by far the more difficult. It involves the methods of examin- 
ation required for the first object, and more besides ; and it is that wliich 
is chiefly kept in view in the prejjent discourse. 

'J'he optical properties of bodies, properly speaking, include every 
relation of the bodies to light ; but it is by no means (*\ery such rela- 
tion that is available for the object in view. Kefraclive power, for 
instance, though constituting, like specific gravity, &c , one of the cha- 
racters of any particular pure substance, is useless for the purpose of 
following a substance in a mixture containing it. The same may be said 
of dispersive power, 'fhe properties which are of most use for our 
object are — first, absorption ; and secondly, fluorescence. 

Colour has long been employed as a distinctive character of bodies ; 
as, for example, we sity that the salts of oxide of copj)er are mostly blue. 
The colour, however, of a body, gives but very imperfect information 
respecting that property on which the colour depends ; for the same tint 
may be made up in an infinite number of ways from the constituents of 
white light. In order to observe what it is that the body does to each 
constituent, we must examine it in a pure spectrum. ['Wie formation of 
a pure spectrum was tlien explained, and such a spectrum was formed 
on a screen by the. aid of the electric light. On holding a cell con- 
taming a salt of copper in front of the screen, and moving it from the 
red to the violet, it was shown to cast a shadow in the red as if the fluid 
had been ink, while in the blue rays it might liave been supposed to 
have been water. Ciiromate of potash similarly treated gave the 
reverse effect, being transparent in the red and opaejue in the blue. 
Of course the transition from transparency to opacity was not abrupt ; 
and for intermediate colours the fluids caused a ])artial darkening. 
Indeed, to sjieak with mathematical rigour, the darkening is not abso- 
lute even when it appears the gTeate>t ; but the light let through is so 
feeble that it eludes our senses. In this way the behaviour of the sub- 
stance may be examined with reference to the various kinds of light 
one after another ; but in order to see at one glance its beluiviour with 
respect to ail kinds, it is merely requisite to hold the body so as to 
intercept the whole beam which forms the spectrum, to place it, for 
instance, immediately in front of the slit.] 

• The dett'Ction of rnixtures by the microscopic examination of iutt‘rmingled 
crvstals properly belongs to the first head, the question winch the observer pro- 
poses to himself, being, in fact, whether the pure substances forming the individual 
ciystals are or are not identical. 



LIBRARY OF SCIENOK 


485 

To judge from the two examples just giveo, it might be supposed 
that the observation of the colour would give almost as much in- 
formation as analysis by the prism. To show how far this is from 
being the case, two fluids very similar in colour, port-wine and a so- 
lution of blood, were next examined. The former merely caused a 
general absor[)tion of the more refrangible rays ; the latter exhibited 
two well-marked dark bands in the yellow and green. These bands, 
first noticed by Hoppe, are eminentlv characteristic of blood, and 
afford a good example of the facilities which optical examination 
affords for following a substance which possesses distinctive characters 
of this nature. On adding to a solution of blood a particular salt of 
copper (any ordinary copper salt, with the addition of a tartrate to 
prevent precipitation, and then carbonate of soda), a fluid was obtained 
utterly unlike blood in colour, but showing the characteristic bands of 
blood, while at the same time a good deal of the red was absorbed, as 
it would have been by the co})per salt alone. On adding, on the other 
hand, acetic acid to a solution of blood, the colour was merely changed 
to a browner red, without any precipitate being produced. Never- 
theless, in poctrum of this fluid the bands of blood had wholly 
vanished, while another set of bands less intense, but still very cha- 
racteristic, made their appearance. This alone, however, does not 
decide wliether the colouring matter is decomposed or not by the acid ; 
for as blood is an alkaline fluid, the change might be supposed to 
be merely analogous to the reddening of litmus. To decide the 
question, we mu‘^t examine the spectrum wnen the fluid is again 
rendered alkaline, suppose by ammonia, which does not affect the 
absorption bands of blood. The direct addition of ammonia to the 
acid mixture causes a dense precipitate, which contains the colouring 
matter, which may, however, be separated by the use merely of acetic 
acid and ether, of which the former was already used, and the latter 
does not affect the colouring matter of blood. This solution gives the 
same characteristic spectrum as blood to which acetic acid has been 
added ; but now there is no difficulty in obtaining the colouring matter 
in an ammoniacal solution. In the spectrum of this solution, the sharp 
absorption bands of blood do not appear, but instead thereof there is a 
single band a little nearer to the red, and comparatively vague [this 
was shown on a screen "1. This difference of spectra decides the question, 
and proves that haematin (the colouring matter prepared by acid, &c.) 
is, as Hoppe stated, a product of decomposition. 

The sjiectrum of blood may be turned to account still further in 
relation to the chemical nature of that substance. The colouring 
matter contains, as is well known, a large quantity of iron; and it 
might be supposed that the colour was due to some salt of iron, 
more especially as some salts of peroxide of iron, snlphocyanide for 
instance, have a blood-red colour, lint thert » found a strong general 
resemblance between salts of the same metallic oxide as regards the 
character of their absorj)tion. Thus the salts of sesquioxide of uranium 
show a remarkable system of bands of absorption in the more refraii- 
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^ble part of the spectrum. The number and position of the bands 
differ a little from one salt to another ; but there is the strongest family 
likeness between the different salts. Salts of sesquioxide of iron in a 
similar manner have a family likeness in the vagueness of the ab- 
sorption, wliich creeps on from one part of the spectrum to another 
without presenting any rapid transitions from comparative trans- 
parency to opacity and the converse. [The spectrum of sulpho- 
cyanide of peroxide of iron was shown for the sake of contrasting with 
blood.] Hence the appearance of such a peculiar system of bands of 
absorption in blood would negative the supposition that its colour is 
due to a salt of iron as such, even had we no other means of deciding. 
The assemblage of the facts with which we are acquainted seems to show 
that the colouring matter is some complex compound of the five elements, 
oxygen, hydrogen, carbon, nitrogen, and iron, which under the action 
of acids and otherwise, splits into haematin and a protein substance. 

This example was dwelt on, not for its own sake, but because 
general methods are most readily apprehended in their application to 
particular examples. To show one example of the discrimination 
which may be effected by the prism, the spectra were exhibited of the 
two kinds of red ghiss which (not to mention certain inferior kinds) are 
in common use, and which are coloured, one by gold, and the other by 
suboxide of copper. Both kinds exhibit a single band of absorption 
near the yellow or green ; but the band of tlte gold glass is situated 
very sensibly nearer to the blue end of the spectrum tlian that of the 
copper glass. 

In the experiments actually shown, a battery of fifty cells and complex 
apparatus were employed, involving much trouble an(Kexpense. But 
this was only required for projecting the spectra on a screen, so as to be 
visible to a whole audience To see them, nothing more is required than 
to place the fluid to be examined (contained, sujipose) in a test tube, 
behind a slit, and to view it through a small prism applied to the naked 
eye, different strengths of solution being tried in succession. In this 
way the bands may be seen by anyone in far greater perfection than 
when, for the purpose of a lecture, they are thrown on a screen. 

In order to be able to examine the peculiarities which a substance 
may jxissess in the inode in which it absorbs light, it is not essential that 
the substance should be in solution, and viewed by transmission. 
Thus, for example, when a pure spectrum is thrown on a sheet of paper 
painted with blood, the same bands are seen in the yellow and green 
region as when the light is transmitted through a solution of blood, 
and the spectrum thrown on a white screen. This indicates that the 
colour of such a paper is in fact due to absorption, although the paper 
is viewed by reflected light. Indeed, by far the greater number of 
coloured objects which are presented to us, such as green lea\e8, 
flowers, dyed cloths, though ordinarly seen by reflection, owe their 
colour to absorption. The light by which they are seen is, it is true, 
reflected, but it is not in reficciion that the preferential selection of 
certain kinds of rays is made which causes the objects to appear coloured. 
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Take, for example, red cloth. A small portion of the incident light is 
reflected at the outer surfaces of the fibres, and this portion, if it could 
be observed alone, would be found to be colourless. The greater part 
of the light ^netrates into the fibres, when it immediately begins to 
suffer absorption 011 the part of the colouring matter. On arriving at 
the second surface of the fibre, a portion is reflected and a portion 
passes on, to be afterwards reflected from, or absorbed by, fibres lying 
more deeply. At each reflection the various kinds of light are reflected 
in as nearly as possible the same proportion ; but in passing across the 
fibres, in going and returning, they suffer very unequal absorption on 
the part of the colouring matter, so that in the aggregate of the light 
perceived the different components of white light are present in propor- 
tions widely different from those they bear to each other in white light 
itself, and the result is a vivid colouring. 

There are, however, cases in which the different components of white 
light are reflected with different degrees of intensity, and the light be- 
comes coloured by regular reflection. Gold and copper may be referred 
to as examples. In ordinary language we speak of a soldier’s coat as 
red, and gold, ns yellow. But these colours belong to the substances in 
two totally different senses. In the former case the colouring is due to 
absorption, in the latter case to reflection. In the same sense, physically 
speaking, in which a soldier’s coat is red, gold is not yellow but blue or 
green. Such is, in fact, the colour of gold by transmission, and there- 
fore as the result of absorption, as is seen in the case of gold leaf, which 
transmits a bluish green light, or of a weak solution of chloride of gold 
after the addition of protosulf»hate of iron, when the precipitated me- 
tallic gold remains in suspension in a finely-divided state, and causes 
the mixture to have a blue appearance when seen by transmitted 
light. In this case we see that while the substance copiously reflects 
and intensely absorbs ra)s of all kinds, it more copiously reflects the 
less refrangible rays, with respect to which it is more intensely 
opaque. 

All metals are, however, highly opaque with regard to rays of all 
colours. But certain non-metallic substances present themselves which 
are at the same time intensely opaque with regard to one part of the 
spectrum, and only moderately opaque or even pretty transparent with 
regard to another part. Carthaniime, murexide, platmo-cyanide of 
magnesium may be mentioned as examples. Such substances reflect 
copiously, like a metal, those rays with respect to which they are in- 
tensely opaque, but more feebly, like a vitreous substance, those rajs 
for which they are tolerably transparent. Hence, when white light is 
incident upon them the regularly-reflected light is coloured, often 
vividly, those colours preponderating which the substance is capable of 
absorbing with intense avidity. But perhaps the most remarkable 
example known of the connection between tense absorption and 
copious reflection occurs in the case of crystals of permanganate of 
potash. These crystals have a metallic appearance, and reflect a greenisli 
liglit. They are too dark to allow the transmitted light to be examined ; 
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and even when they are pulverized, the fine purple powder they yield is 
too dark for convenient analysis of the transmitted light, liut the 
splendid purple solution which they yield may be dilut^ at pleasure, 
and the analysis of the light transmitted by it presents no diflnculty. 
The solution absorbs principally the green part of the spectrum ; 
and when it is not too strong, or used in too great thickness, five 
bands of absorption, indicating minima of transparency* make their 
appearance [these were shown on a screen]. !Now, when the green 
light reflected from the crystals is analyzed by a prism, there are 
observed bright bands, indicating maxima of reflecting power, corre- 
sponding in position to the dark bands in the light transmitted by the 
solution. The fifth bright band, indeed, can hardly, if at all, be made 
out, but the corresponding dark band is both less strong than the 
others and occurs in a fainter part of the spectrum. When the light 
is reflected at a suitable angle, and is analyzed both by a ^Nicol’s prism, 
placed with its principal section in the plane of incidence, and by an 
ordinary prism, the whole spectrum is reduced to the bands just men- 
tioned. The Nicol’s prism would under these circumstances extinguish 
the light reflected from a vitreous substance, and transmit a large part 
of the light re flected from a metal. Hence we see that as the refrangi- 
bility of the light gradually increases, the substance changes repeatedly, 
as regards the character of its reflecting power, from vitreous to me- 
tallic and back again, as the solution (and therefore it maybe presumed 
the substance itself) changes from moderately to intensely opaque, and 
conversely. 

These considerations leave little doubt as to the chemical state of 
the copper present in a certain glass which was exhibited. This glass 
Was coloured only in a very thin stratum on one face. By transmission 
it cut off a great deal of light, and was bluish. By reflection, c^sjjecially 
when the colourless face was next the e}e, it showed a reddish light 
visible in all directions, and having the appearance of coming from a 
fine precipitate, though it was not resolved by the microscope, at least 
with the power tried. It evidently came from a failure in an attempt to 
make one of the ordinary red gla>ses coloured by suboxide of copper, 
and the only question was as to the state in which the copper was 
present. It could not be oxide, for the quantity was too small to 
account for the blueness, and in fact the glass became sensibly colourless 
in the outer flame of a blowpipe. Analysis of the transmitted light by 
the prism showed a small band of absorption in the place of the band 
seen in those copper-red glasses which are not too deep, and therefore 
a small portion of copper was present in the state of suboxide, i.e. a 
silicate of that base. The rest was doubtUss present as met:dlic copper, 
arising from over-reduction in the manufacture, and accordingly the 
blue colour, which would have been purer if the suboxklc had been 
away, indicates the true colour of copper by transmitted light, quite in 
conformity with what we have seen in the case of gold. Hence, in 
both metals alike, tlie absorbing and the reflecting powers are, on the 
whole, greater for the less than for the more refrangible colours, the 
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law of variation with refrangibility being of course somewhat differeut 
in the two cases. 

Time would not permit of more than a very brief reference to the 
second property to which the speaker had referred as useful in tracing 
substances in impure solutions— that of fluorescence. The phenomenon 
of fluorescence consists in this, that cerlain substances, when placed 
in rays of one refrangibility, emit during the time of exposure com- 
pound light of lower refrangibiliiy. When a pure fluorescent sub- 
stance (as distinguished from a mixture) is examined in a pure 
spectrum, it is found that on passing from the extreme red to the 
violet and beyond, the fluorescence commences at a certain point of the 
spectrum, varying from one substance to another, and continues from 
thence onwards, more or less strongly in one part or another according 
to the particular substance. The colour of the fluorescent light is 
found to be nearly constant throughout the spectrum. Hence, when in 
a solution presented to us, and examined in a pure spectrinn, we notice 
the fluorescence taking, as it were, a fresh start, with a different colour^ 
we may be pretty sure that we have to deal with a mixture of two 
fluorescent s^bsjtances. 

It might be inferred d priori^ that fluorescence at any particular 
part of the spectrum would necessarily be accompanied by absorption, 
since otherwise there would be a creation of vis viva ; and experience 
shows that rapid absorption (such as corresponds to a well-marked 
minimum of transparency indicated by a determinate band of absorp- 
tion in the transmitted light) is accompanied by ct^pious fluorescence. 
But experience has hitherto also shown, what could not have been 
predicted, and may not be univer««al!y true, * that conversely, absorp- 
tion is accompanietl, in the case of a fluorescent substance, by fluorescence. 

From what precedes it follows tliat the colour of the fluorescent 
liglit of a solution, even when the incident light is white, or merely 
sifted by absorption, may be a useful character. To illustiaie this, the 
electric light, after transmission through a deep-blue glass, was thrown 
on solutions in weak ammonia of two crystallized substances, jesculin 
and fraxin, obtained from the bark of the horse-chesnut, and of which 
the latter occurs also in the bark of the ash, in which, indeed, it was 
first discovered. Both solutions exhibited a lively fluorescence ; but 
the colour was different, being blue in the case of aesculin, and bluish- 

• Fluorescent sulj«;tances, like others, doubtless absorb the invisible heat-rays 
lying beyond the extreme led, in a manner varying fiora one substance to another. 
Hence, if we include such ray.s in the incident spectrum, we have *111 example of 
absorption not acconipanied by tluorescence. But the invisible heat-rays differ from 
those of the visible spectium (as there is every rea.soTi to believe) only in the 
wav that the visible rajs of one part of the spectrum differ from those of another, 
that is, by wavelength, and coii'seqm nMy by refraneibility, which depends on wave 
length. Hence it is not improbable that substances 1. > be discoveri d which absorb 
the visible rays in some parts of the spectrum less refiangible than that at which the 
fluorescence commences; and mixtures possessing this property may be made at 
pleasure. Nevertheless, the speaker has not yet met witha puie fluorescent substance 
which exhibits this phenomenon. 
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green in the case of fraxin. A purified solution obtained from the 
bark exhibits a fluorescence of an intermediate colour, which would 
suflice to show that sesculin would not alone account for the fluorescence 
of the solution of the bark. 

When a substance possesses well-marked optical properties, it is in 
general nearly as easy to follow it in a mixture as in a pure solution. 
But if the problem which the observer proposes to himself be : — Given 
a solution of unknown substances which presents well-marked characters 
with reference to different parts of the spectrum, to determine what 
portion i»f these characters belongs to one substance, and what portion 
to another, it presents much greater difficulties. It was with reference 
to this subject that the second of the objects mentioned at the begin- 
ning of the discourse had been spoken of as that the attainment of which 
was by far the more difficult. The problem can, in general, be solved 
only by combining processes of chemical separation, especially fractional 
separation, with optical observation. When a solution has thus been 
sufficiently tested, those characters which are found always to accom- 
pany one another, in, as nearly as can be judged, a constant proportion, 
may, with the highest probability, be regarded as belonging to one and 
the same substance. But while a combination of chemistry and optics 
is in general required, important information may sometimes be obtained 
from optics alone. This is especially the case when one at least of the 
substances present is at the same time fluorescent and peculiar in its 
mode of absorption. 

To illustrate this the case of chlorophyll was referred to. An 
eminent French chemist, ]\I. Fremy, proposed to himself to examine 
whether the green colour were due to a single substailfe, or to a mix- 
ture of a yellow and a blue substance. By the use of merely neutral 
bodies, he succeede^i in separating chlorophyll into a yellow substance, 
and another which was green, but inclining a little to blue ; but he 
could not in this way get further in the direction of blue. He con- 
ceived, however, that he had attained his object by dissolving chloro- 
phyll in a mechanical mixture of ether and hy<lrochloric acid, the acid 
on separation showing a fine blue colour, while the ether was yellow. 
Now solutions of chlorophyll in neutral solvents, such as alcohol, ether, 
&c., show a lively fluorescence of a blood-red colour ; and when the 
solution is examined in a pure spectrum, the red fluorescence, very 
copious in parts of the red, comparatively feeble in most of the green, 
is found to be very lively again in the blue and violet. Now a substance 
of a pure yellow colour, and exercising its absorption therefore, as 
such substances do, on the more refrangible rays, would not show a 
pure red fluorescence. Either it would be non-fluorescent, cr the 
fluorescence of its solution would contain (as experience shows) rays 
of refrangibilities reaching, or nearly so, to the part of the ^ectrum at 
which the fluorescence, and therefore the absorption, commences ; and 
therefore the fluorescent light could not be pure red, as lliat of chloro- 
phyll is found to be even in the blue and violet. The yellow substance 
separated by M. Fremy, by the aid of neutral reagents, is, in fact, 
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non-fluorescent. Hence the powerful red fluorescence in the blue and 
violet can only be attributed to the substance exercising the well-known 
powerful absorption in the red, which substance must, therefore, power- 
fully absorb the blue and violet. We can affirm, therefore, d priori^ 
that if this substance were isolated it would not be blue, but only a 
somewhat bluer green. The blue solution obtained by M, Fremyowes, 
in fact, its colour to a product of decomposition, which when dissolved 
in iteutral solvents is not blue at all, but of a nearly neutral tint, show- 
ing, however, in its spectrum extremely sharp bands of absorption. 

[G. G. S.] 
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Friday, March 18, 1864. 

lI.R.II. The Prince of Wales, Vice-Patroii, in the Chair. 

John Tyndall, Esq. F.R.S. 

PROFESSOR OF NATURAL riIILOSOFH\, ROYAL INtTrTUTIOX. 

Contributions to Molecular Physics, 

The speaker had already shown the enunnous difTereiiccs wJiich exist 
among gaseous bodies, boiii as regards their power of absorbing 
and emitting radiant heat. When a gas is condensed to a liquid, or a 
liquid congealed to a solid, the molecules coalesce, and gra})ple with 
each other by forces which were insensible as long as the ga^euns state 
was maintained. lUit, though the molecules are thus drawn together, the 
luminiferous ether still surrounds them : hence, if the acts of radiation 
and absorption depend on the individual molecules, they will assert their 
power even after the state of aggregation lias been changed. If, on 
the contrary, their mutual entanglement by the force of cohesion bo of 
paramount influence in the interception and emiwssion of radiant heat, 
then we may expect that liquids will exhibit a deportment towards 
radiant heat altogether different from that of the vapours from wdiich 
they are derived. 

The first part of the })resent inquiry is devoted to an exhaustive 
examination of this question. The speaker employed twelve diflerent 
liquids, and operated upon five different layers of each, which varied 
in thickness from 0 02 of an inch to 0*27 of an inch. The liquids 
were enclostd, not in glass ves.sels, which would have m.aterially 
modified the heat, btit between plates of transparent rock-salt, whicii 
but slightly affected the radiation. His source of heat throughout 
the^e comparative experiments consisted of a platinum win*, raised to 
incandescence by an electric current of inivar}iug strength. 'The 
quantities of radiant heat absorbed and transmitted by each of the 
liquids at the respective thicknc .es were first determined. 4 he 
vapours of these liquids w’ctc subsequently exainiimd, tlie quantities 
of vapour employed being proportional to the (piantitics of lifpiid 
traversed by the radiant heat, I'lie result of the comjiarison was that, 
for heat of the siime quality, the order of absorption of li(|uids and of 
their vapours are identical. There was no exccqition to thisi law; so 
that, to determine the pusiiion of a vapour as an absorber or radiator, 
it is only necessary to determine the position of it.-» li(piid. 

This result proves that the state of aggn'gatiou, as far at all events 
as the liquid stage is concerned, is of aItog(*ther siibt)nlif)ale moment — 
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a conclusion which will probably prove to be of cardinal importance in 
molecular physics On one important and contested point it has a 
special bearing. If the position of a liquid as an absorber and radiator 
determine that of its vapour, the position of water fixes that of aqueous 
vapour. Water had been compared with other liquids in a multitude 
of experiments, and it was found that, as a radiant and as an absorbent, 
it transcends them all. Thus, for example, a layer of bisulphide of 
carbon 0*02 of an inch in tliickness absorbs 6 i)er cent., and allows 
94 per cent, of the radiation from the red-hot platinum spiral to pass 
through it ; benzol absorbs 43 and transmits 57 per cent, of the same 
radiation ; alcohol absorbs 67 and transmits 33 per cent,, and alcohol 
stands at the head of all liquids except one in point of power as an 
absorber. The exception is water. A layer of this substance, of the 
thickness above given, absorbs 81 per cent., and permits only 19 per 
cent, of the radiation to pass through it. Had no single experiment 
ever been made upon the vapour of water, we might infer with 
certainty from the deportment of the liquid that, weight for weight, 
this vapour transcends all others in its power of absorbing and emitting 
radiant heat. 

The relation of absorption and radiation to the chemic.il constitu- 
tion of the radiant and absorbent sub'^tanccs was next briefly considered. 
For the first six substances in the list of tliose examined, the radiant 
and absorbent powers augment as the number of atoms in the com- 
pound molecule augments. Thus, bisulphide of carbon has 3 atoms, 
chloroform 5, iodide of ethyl 8, benzol 12, and amvlene 15 atoms in 
their respective molecules ; and the order of their power as radiants 
and absorbents is that here indicated ; bisulphide of carbon being the 
feeblest, and amylene the strongest of the six. Alcohol, however, 
excels benzol as an absorber, though it has but 9 atoms in its molecule ; 
but, on the other hand, its molecule is rendered more complex by the 
introduction of a new element, llenzol contains carbon aufl hydrogen, 
while alcohol contains carbon, hydrogen, and oxygen. Thus, not 
only does the idea of multitude come into play in absorption !uid radia- 
tion that oicomple.rifijxwusX also be taken into account. The speaker 
directed the particular attention of chemists to the molecule of water ; 
the deportment of tliis substance towards radiant heat being perfectly 
anomalous, if the chemical formula at present ascribed to it be correct. 

Sir William llerschel made the important discovery that, beyond 
the limits of the red end of the solar spectrum, rays of high heating 
power exist which are inconqietent to excite vision. The speaker has 
examined the deportment of those rays towards certain bodies which 
are perfectly opaque to light. Dissolving iodine in the bisulphide of 
carbon, he obtained a solution which entirely intercepted the light of 
the most brilliant tiames, while to the extra-red rays of the specirum 
the same iodine was found to be perftctly di * 'lermic. 1 he transparent 
bisulphide, which is highly pervious to the heat here employed, exercised 
the same absorption as the opaque solution. A hollow prism filled 
with the opaque liquid was placed in the path of the beam from an 
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electric lamp, the light-spectrum was completely iiilercepted, but the 
heut-spectrum was received upon a screen and could be there examined. 
Falling upon a thermo-electric pile, its presence was shown by the 
prompt deflection of even a coarse galvanometer. 

What, then, is the physical meaning of opacity and transparency 
as regards light and radiant heat? The luminous rays of the spec- 
trum difter from the non-luminoiis ones simply in periofl. The 
sensation of light is excited by waves of ether shorter and more 
quickly recurrent than those \\hich fall beyond the extreme rod. But 
why should iodine stop the former and allow the latter to pass? The 
answer to this question no doubt is that the intercepted waves are those 
whose j)eriods of recnrrenco coincide with the periods of oscillation 
possible to the atoms of the dissolved iodine. The elastic forces which 
separated these atoms are such as to compel them to vibrate in definite 
periods, and, when these periods synchronize with those of the ethereal 
wa'ies., the latter are absorbed. Briefly defined, then, traiivsparency in 
liquids as well as in gases is synonymous with discord^ while opacity is 
synonymous with accord between the periods of the waves of ether and 
those of the molecules of the body on which they impinge. All 
ordinary transparent and colourless substances owe their transparency 
to the discord which exi.sts between the oscillating periods of their 
inoh'cules and those of the waves of the whole visible spectrum. The 
general discord of the vibrating periods of the molecules of n mpound 
bodies with the light-giving waves of the spectrum may be inferred 
from the prevalence of the property of transparency in compounds, 
while their greater harmony with the extra-red periods is to be in- 
ferred from their opacity to the extra-red rays. \V ater Jlustrates this 
transparency and opacity in the most striking manner. It is highly 
transparent to the luminous rays, which demonstrates the incompetency 
of its molecules to 'oscillate in the periods which excite vision. It is 
as highly opaque to the extra-red undulations, which proves the 
synclironism of its periods with those of the longer waves. 

If, then, to the radiation from any source water shows itself to be 
eminently or perfectly opaque, it is a proof that the molecules whence 
the radiation emanates must oscillate in what may be called extra-red 
periods. Let us npply this test to the radiation from a flame of 
hydrogen. 'J’his flame consists mainly of incandescent atpieous vapour, 
the temperature of which, as calculated by Bunsen, is 3,li59^ 0., so 
that, if transmission augment with temperature, we may expect the 
radiation from this flame to be copiously transmitter! by the water. 
While, how'ever, a layer of the bisulphide of carbon 0*07 of an inch in 
thickness transmits 72 per cent, of the incident radiation, and while 
every other liquid examined transmits more or less of the heat, a layer 
of water of the above thickness is entirely opaque to the* radiation from 
the flame. Thus we establish accord between the j»eriods of tlie mole- 
cules of cold water and those of aqueous \apour at a tejiq)erature of 
3,2.)9" 0. But the periods of water have alroarly been |)rov<*d to be 
extra-red — hence those of ^he hjdrngeii fl.nne must be extra-red also. 
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The absorption by dry air of the heat emitted by a platinum spiral 
raised to incandescence by electricity was found to be insensible, while 
that by the ordinary undried air was (\ jjcr cent. Substituting for the 
platinum spiral a hydrogen tlanie, the a))sorption by dry air still 
remained insensible, while tliat of tlie undned air rose to 20 per cent, 
of the ait lie radiation. The temperature of the h\drogen flame was, 
as stated, 3.200*^ (J. ; that of the a(jueoiis \a|)0ur of the air w^as 20^ C, 
Suppose, then, the temperature of aqueous vapour to rise from 20^ C. 
to 3,259 C , we must conclude that the augmentation of tcmiierature 
is a])j)lied to an inniase of anqditnde. and not to tlie introduction of 
periods of (piicker recurrence into tlie ladiation. 

Th(‘ part placed by aqueous vapour in the economy of nature is far 
more wonderful than hitherto supposed. 'I o nourish the vegetation of 
the cartli the actinic and luminous lavs of tlie sun must penetrate our 
atmosjiherc ; and tosiicli rays aqueous vapour is eminently transparent. 
The violet and the extra-violet rays pass through it with I’.eedom. To 
jirotect vegetation from destructive chills the terrestrial rays must be 
checked in their transit tovwards stellar space ; and this is accomplished 
b\ the aqn^'ous vajiour diffused through the air. I'his substance is the 
great modiualor of the earth’s temperature, bringing its extremes into 
proximity, and obviating eontrasts between day and night which would 
render life in^ujiporlablc. Tmt we ean ad\anee bevond this general 
stalenient. uonv that we know the radiation from aqueous vapour is 
intercepted, in a special degree, by water, and, rec'ijirocally, the radia- 
tion from water by acpieous vapour; for it fvdlows from this that the 
very aet of iioctuinal refrigeration which produces the condensation of 
aqueous vapour upon tlie surf ice of the earth — gi'ing, as it were, a 
varnish of water to that .surface — imparts to terrestrial radiation that 
particular character which disqualifies it from passing through the 
earth’s atmosphere and losing itself in space. 

And here we come to a question in molecular jdiysics vJiich at the 
present moment occupies tlie attention of able and distingi'^>iied men. 
15y allowing tbe violet vvnd extra- v iolet ra}sof the speetrunito fall upon 
sulphate of quinine and other substances Professor Stokes has changed 
tlie periods of those ravs. Attempts have been made to produce a 
similar n*sult at the other end of the spectrum to convert the extra- 
red periods into periods conqiotent to excite vision — but hitherto 
without success. Such a change of jienod, the sjieaker agreed with 
Dr. Akin in believ ing, occurs when a })latinum wire is heated to white- 
ness b\ a livdrogen tiame. In this common ex])eriment there is an actual 
breaking up of long periods into short ones — a true rendering of 
universal periods visual. The change of refrangibility hero effected 
differs from that of Professor Stokes : firstly, by its being in the opposite 
direction-- that is, from lower to higher; and, secondly, in the cireum- 
staiice that the jilatimim is heated by the co sion of the molecules of 
aqueous vapour, and before their heat has assumed the radiant form. 
But it cannot be doulited that the same effect would be produced by 
radiant beat of the same ]>eriods, provided the motion of the ether 
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could be rendered Mdficiently intense. "I he effect in principle is the 
same, whether we consider the platinum wire to be struck by a particle 
of aqueous vapour oscillating at a certain rate, or by a particle of ether 
oscillatiiig at the same rate. 

U\ phuiginn a plaliunin wire into a hydrogen tlamc we cause if to 
glow, and thus introduce shorter periods into the radiation. Those, as 
already stated, are in discord willi water ; hence we should infer that 
the transmission through water A\ill be more eoinous when the wire is 
in the Haiiie that ^^heu it is absent. Kx})eriment proves this conclusion 
to be true. AVater from being oi)aque opens a passage to 6 per cent, 
of the railiatit)!! from the flauu* and spiral. A thin plate of colourless 
glass, moreover, transmitted oS per cent, of the radiation from the 
hydrogen flame ; but when the flame and spiral were employed, 78 
per cent, of th(‘ heat was transmitted. J''or an alcoliol Hanu* Knoblauch 
and Alelloiii found glass to be les^ traii^})areiit than for the same tlame 
with a platinum spiral immersed in it ; but Alelloni afterwards showed 
that the result was not general -that black glass and black mica were 
decidedly more diathermic to the radiation from the pure alcohol 
ffama The reason for this is now obvious, lllaek mica and black 
glass owe their blackness to the carbon diffused through them. This 
carbon, as proved by Alelloni, is in some measure traiisparent to 
the extra-red rays, and the speaker bad sueeeeded in transmitting 
between 40 and dO per cent, of the radiation from a hydrogen flame 
through a layer of carbon snflicient to intercept the light of the most 
brilliant flames. The i)ro(lucts of combustion of tlie alcohol flame are 
carbonic acid and a(|ueous vaj)our, tlie heat of which is almost wholly 
extra-red. For this radiation, then, the carbon is iir^ considerable 
degree transparent, while for the radiation from the platinum spiral, it 
is in a great measure opacpio. By the introduction of the platinum 
wire, therefore, the trans])arency of the pure glass and the oj)acity of 
its carbon were simultaneously augmented ; but the augmentation of 
opacity exceeded that of transparency, and a difference in favour 
of opacity remained. 

!No inon* striking or instructive illustration of tlie influence of coin- 
cidence could be adduced than that furnished by the radiation from a 
carbonic oxide flame. IJere the product of combustion is carbonic 
acid ; and on the radiation from this flame even the ordinary carbonic 
acid of the atmosphere exerts a powerful effect. A quantity of the gas, 
only one-thirtieth of an atmosphere in density, contained in a polished 
brass tube four feet long, intercepted flfty per cent, of tho radiation 
from the carbonic oxide flame. For the heat emitted by solid sources 
olefiant gas is an incomparably more powerful absorber than carbonic 
acid ; in fact, for such heat the latter substance, with one exception, is 
the most feeble absorber to be found among the compound gases. For 
the radiation from the hydrogen flame, moreover, olefiant gas posst*sscs 
twice the absorbent power of carbonic acid, but for tlie radiation from 
the carbonic oxide flame, at a common tension of one inch of miTCury, 
while carbonic arid absorbs fifty per c<'nt., olefiant gas absorbs only 
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twenty-four. Thus we establish tlie coincidence of period between 
carbonic acid at a temperature of 20^ C. and carbonic acid at a 
temperature over 3,000^ C., the periods of oscillation of both the 
incandescent and the cold gas belonging to the extra-red portion of the 
spectrum. 

It will be seen from the foregoing remarks and experiments how 
impossible it is to examine the effect of temperature on the transmission 
of radiant heat if ditferent sources of heat be employed. Throughout 
such an examination tlie same oscillating atoms ought to be retained. 
The heating of a ])latiiium spiral by an electric current enables us to do 
this, while varying the temperature between the widest possible limits. 
Their comparative opacity to the extra-red ra^s shows the general 
accord of the oscillating jieriods of our series of vapours with those of 
the extra-red undulations. Hence, by gradually heating a platinum 
^\ire from darkness up to whiteness, wc gradually augment the discord 
Letw’cen it and the vapours, and must therefoie augrrent the trans- 
] arency of the latter. Experiment entirel) confirms this conclusion. 
Formic ether, for example, absorbs 43 per cent, of the radiation from a 
platinum spiral heated to barely visible redness; 32 per cent, of the 
radial iun irom the same spiral at a led lieat ; 26 per cent, of tlie 
radiation from a wdiite-hot spiral, and only 21 jier cent, w'hen the spiral 
is brought near its point of lusion. llcmarkable cases of inversion as 
to transpareiiey occurred in tliese experiments. For barely visible 
redness forrnie ether is more opacjue than sulphuric ; for a bright red 
heat both are efjually transjairent, while, for a white heat, and still more 
for a nearly fusing temperature, sulphuric ether is more opaque than 
forrnie. Tliis result gi\es us a clear ^iew of the relationship of the 
two substances to the luminiferous etlier. As we introduce waves of 
shorter period the sulphuric augments most rapidly in opacity ; that is 
to say, its accord with the shorter waves is greater than that of the 
formic. Hence we may infer that the molecules of iormic ether 
oscillate, on the whole, more slowly than those of sulphuric etlier. 

When the .source of heat was a Leslie’s cube filled with boiling 
v\ater and coaled with lamiiblaek. the opacity of formic ether in com- 
parison with sulphuric was ^erv decided. AVith this source also the 
position of chloroform as regards iodide of methyl N\as inverted. For 
a while-hot sjiiral, the absorption of chloroform vapour being 10 per 
cent., that of iodide of metlivl is 10 ; with the blackened cube as source 
the absorption by chloroform is 22 per cent., v^hile that by the iodide 
of methyl only U). This iiivc*rsmu E not the result of leinporature 
merely ; for when a ])latinum wure, heated to the temperature of 
boiling water, was employc’d as a source, the iodide remained the most 
powerful absorber. All the experiments hitherto made by the speaker 
go to prove that from heated lampblack an emission takes place which 
synchronizes in an especial manner with c loroform. P^or the cube at 
100^ C., coated with lamiiblack*. the absorption of chloroform is more 
than three times that by bisulphide of carbon ; for the radiation from 
the most luminous portion of a gas-flaine the absorption by chloroform 
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is also considerably in excess of that by bisulphide of carbon ; while, 
for the flame of a Bunsen’s burner, from which the incandescent carbon 
particles are removed by the free admixture of air, the absorption by 
bisulphide of carbon is nearly twice that by cliloroform. The removal 
of the incandescent carbon particles more than doubled in this instance 
the relative transparency of the chloroform. Testing, moreover, the 
radiation from various parts of the same flame, it was found that for 
the blue base of the flame the bisulphide was the most opaque, while 
for all the other portions of the flame the chloroform was most opaque. 
For the radiation from a very small gas flame, consisting of a blue 
base and a small white top, the bisulphide was also most opaque, and 
its opacity very decidedly exceeded that of the chloroform when the 
flame of bisulphide of carbon was employed as a source. Comparing 
the radiation from a Leslie’s cube coated with isinglass with that from 
a similar cube coated with lampblack, at the common temperature of 
100^ C., it was found that, out of eleven vapours, all but one absorbed 
the radiation from the isinglass most powerfully ; the single exception 
was chloroform. It may be remarked that, whenever^ through a 
change of source, the position of a vapour as an absorber of radiant 
heat was altered, the position of the liquid from which the vapour was 
derived was changed in the same manner. 

It is still a point of difierence between eminent investigators 
whether radiant heat, up to a temperature of 100° C., is monochromatic 
or not. Some affirm this ; some deny it. A long series of experiments 
has enabled the speaker to state that probably no two substances 
at a temperature of lOCF C. emit heat of the same quality. Tlie heat 
emitted by isinglass, for example, is different from th^ emitted by 
lampblack, and the heat emitted by cloth, or paper, diliers from both. 
It is also a subject of discussion whether rock-salt is equally diathermic 
to all kinds of calorific rays. The differences affirmed to exist by one 
investigator being ascribed by others to differences of incidence from 
the various sources employed. MM. de la Provostaye and Desains 
maintain the former view, Melloni and M. Knoblauch maintain the 
latter. The question was examined by the author without changing 
anything but the temperature of the source. Its size, distance, and 
surroundings remained the same, and tlie experiments pro\ed that rock- 
salt shares, iti some degree, tlie defect of all other substances ; it is not 
perfectly diathermic, and it is more opaque to the radiation from a 
barely visible spiral than to tliat from a white-hot one. 

In regard to the relation of radiation to conduction. Defining 
radiation, internal as well as external, as the comnmnieatioii of motion 
from the vibrating molecules to the ether, the speaker arrives, by 
theoretic reasoning, at the conclusion that the best radiators ouglit to 
prove the worst conductors. A broad consideration of i\\$ subject 
shows at once the general harmony of the conclusion with observed 
facts. Organic substances are all excellent radiators ; they are also 
extremely bad conductors. The moment we pass from the metals to 
their compounds we pass from a serif's of good conductors to bad ones, 
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and from bad radiators to good ones. Water, among liquids, is probably 
the worst conductor; it is the best radiator. Siher, among solids, is 
the best conductor ; it is the worst radiator. Tn the excellent researches 
of MM. de la Provostaye and Desains thf' autlior finds a striking illus- 
tration of wliat he regards as a natural law ; tliat those molecules which 
transfer the greatest amount of motion to the ether, or in other words, 
radiate most powerfully, arc tlie least competent to communicate motion 
to each other, or in other words, to conduct with facility. 

[J. T.] 



Friday, April 29, 1864, 


Sir Henry Holland, Bart. M.D. D.C.L. F.R.S. Vice-President, 

in the Chair. 


Professor Alexander W. Williamson, F.R.S. 

PRESIDENT OF THE CHFUICAL SOCILTT, &C. 

On the Classification of the Elements in relation to their 
Atomicities. 


The speaker proposed to bring under the consideration of the members 
some of the chemical grounds for doubling the atomic weights of all 
the metals in Gerhard t’s system of atomic weights, excepting the alkali 
metals, silver, gold, boron, and the metals of the nitrogen series. A 
change which has been proposed mainly on physical grounds by 
Carmizzaro, and wliich seems to bo obtaining the ar>]>robation of more 
and more chemists. 

It is now about twenty years since (ierhardt drew attention to the 
error of the molecular weights, or equivalent weighty as he called 
them, which represented water as consisting of one atom of oxygen 
and one of hydrogen, and proposed to double the atomic Aveights of 
oxygen and of carbon. 

If Gerhardt had taken Berzelius’s atomic weights and, while trans- 
lating them into the hydrogen scale, had halved tlie atomic wciglits of 
the alkali metals and boron, he would have given us at once the system 
which we now adopt, saving the rectification of a few formulse, such as 
that of silver and oxide of uranium, (fee ; whereas by merely doubling 
oxygen, sulphur, selenium, and carbon, in the then existing system 
of atomic weights in the hydrogen scale, he really introduced a system 
in which theie are between 30 and 40 atomic weights to correct, in lieu 
of one which needed only five or six such corrections. It would be 
unreasonable to apply this fact in any degree to the disparagement 
of Gerhardt’s work. It only shows how tortuous is the road which 
leads to truth. 

The discussion of the question involves chiefly the consideration of 
the classification of the elements under the respective heads of chlorine 
and of oxygen. 

The first tribe containing those elements of which an atom com- 
bines with one atom of hydrogen or chlorine, or with three or with 
five, (fee., whilst the second tribe contains elements of which each 
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Tables of Atomic Weights. 

1 ^^ of Elements^ which only furnishes an even number of 

atoms to each Molecule ; — 


FI = 

19 

n = 1 

N = 

14 

Cl 

35-5 

Li = 7 

V 

31 

Br 

80 

Na = 23 

As 

75 

J 

127 

K = 39 

fc>b 

122 



Rl) = 85 

Bi 

210 



Cs 133 

B 

11 



T1 203 

Au 

196 



Ag 108 




2nd Class of Elements^ which sometimes furnishes an odd, some- 
times an even number of atoms to one Molecule : — 


0 

= 16 

C = 

12 

0 

- 9 

s 

= 32 

Si 

28 

Yt 

64 

Se 

79*5 

Ti 

50 

Ce 

92 

le 

129 

Sn 

118 

J.a 

92 

Ca 

40 

Mo 

96 

i)y 

96 

Sr 

87-5 

V 

137 

U 

120 

Ba 

137 

W 

184 

Zr 

89*5 

Pb 

207 

Pt 

197 

Ta 

138 

Mg 

24 

Tr zr 

197 

Cl) 

195 

Zu 

65 

Os 

199 

Th 

238 

Cd 

=: 112 

Uo 

104 



Hg 

200 

Bu 

104 



Al 

27-5 

Pd 

106-.3 



Fe 

56 





Cr 

52*5 





Mn 

55 





Co 

58*5 





Ni 

58’5 





Cu 

63-5 






atom combines with two atoms of chlorine, (^r other monads, or with 
four, or six. &c. The speaker did not, however, recommend that the 
two great clashes of elements be thus distinguished from one another, 
for our chief evidence of atomic weights is derived from the study of 
the molecular weigiits of compounds, and the molecule is the unit to 
which resulf.s must be referred. 

'I'lie first class is best described as furiiisliing only an even number 
of atoms to each molecule, wdiereas the ♦^cond class sometimes fur- 
nishes an even, sometimes an uneven nimiher of atoms to one molecule. 
The process of classifying (he elemerit.s has follnned ^he^ ery natural order 
of establisliing a certain number of w^ell-dctined families, which were 
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subsequently connected together by erratic ineinbers, which occasionally 
left theii usual place to go over to some neighbouring family. Chlorine, 
bromine, and iodine have long been acknowledged to constitute a 
natural family ; and there are some, though hardly sufficient reasons 
for placing fluorine at its head. The three elements have the same 
vapour volume as hydrogen in the free state, and we accordingly 
represent their respective molecules as Cl*, Br“, 1*, corresponding to 
II* = 2 vols. They form hydrides of similar composition, and 
analogous properties, and of the same vapour volume. Their com- 
pounds with most metals are analogous and have the same atomic heat 
and general cr3stalliiie form. Their curres])onding oxygen acids also 
exhibit considerable analogy. 

With organic radicals they form neutral ethers, like CIC'IP, 
Cl C* fP O, and no acid ethers. So that when a molecule of alcohol 
or of acetic acid is replaced by chlorine, two atoms of chlorine take the 
place of one atom of oxygen, and t^ive rise to a molecule of chloride of 
ethyle and a molecule of Indroehloric acid. They replace hydrogen 
atom for atom, taking out one, two, or three atom's, &e., according to 
circumstances. Their hydrogen compounds are all monobasic acids ; 
for if, in a given quantity of hydrochloric or hydrobromic or hydriodic 
acid, we replace part only of the hydrogen by potassium, we get at once 
a neutral salt mixed with the remaining acid, which is undecomposed, 
and never an acid salt of the alkalies. Fluorine in this respect 
exhibits an anomaly which tends to remove it from this family to a 
biatomic one. For the acid fluoride of potassium is a well-defined 
compound of considerable stability, of which the existence points to 
the atomic weight 38 for fluorine, and I lie formula lliF for hydro- 
fluoric acid. Hydrofluoric acid, moreover, combines with various 
metallic fluorides — such as fluoride of silicon and fluoride of boren ; 
and there are double fluorides of aluminium. &c., wdth alkaline fluorides, 
botb well known and easily formed. 

Similar double salts are, however, formed by chlorine ; for in- 
stance, terchloride of gold combines with a molecule of hydrochloric 
acid, or of an alkaline chloride. Tetrachloride of platinum combines 
with two molecules of hydrochloric acid or of chloride; of potassium, &c. 

It is not possible to reconcile the constitution of these and similar 
bodies with one another and with the simpler compounds of chlorine, 
by any theory representing it as polyatomic, and as holding together 
the metallic atoms in these salts in virtue of its polyatomic character 
On the other hand, hydrochloric acid and metallic chlorides of opposite 
properties cannot be assumed to be incapable of uniting with one an- 
other, while it is well known that oxides of basylous pro[)ertie8 unite 
with those of chlorous properties. Hydrochloric acid unites with 
ammonia, and we do admit that the two molecules are bound together 
into one by a chemical force of combination, and not by any ietratomic 
cliaracter of the hydrogen ; and llCl or KCl combines with SO® by 
a similar force. 

Again : oxygen, sulphur, selenium, and tellurium are admitted to 
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be truly analogous elements, for tlie parallelism of oxygen salts, and 
sulphur salts, affords abundant proof of the analogy of oxygen and 
sulphur, and the molecular volume of sulphur and selenium is found 
by Deville to agree at high temperatures with that of ox}gen. 

The elements selenium and tellurium form acids analogous to 
sulphurous and sulphuric acids respectively. When combined with 
organic radicals they form compounds of the same molecular volume 
in the form of vapour ; and when any of them, such as oxygen, re- 
places hydrogen in an organic body, it takes out two atoms of hydrogen 
at a time, replacing each couple by one atom of oxygen, as in the 
formation of acetic acid from alcohol. 

When we partially decompose water by potassium we get hydrate 
of potash formed, which is a molecule of water, from which half the 
hydrogen is expelled and replaced by potassium, and a second atom of 
potassium is required to displace the remaining hvdrogen. 

If we compare any proto-chloride with a corresponding oxide, either 
of a metal or organic radical, we find that the molecule of the oxide 
contains twice as many atoms of the metal or radical as the chloride, 
and that one atom from the oxygen family is equivalent to two atoms 
from the chlorine family. 

When oxygen in alcohol is replaced by sulphur^ no breaking up 
into sulphide of eth)le and sulphide of hydrogen takes place, as when 
the oxygen is replaced by chlorine or bromine. 

Among the best known compounds there are several of which one 
atom combines, like an atom of oxygen or of sulphur, with two atoms 
like hydrogen or chlorine. Thus carbonic oxide, sulphurous acid, and 
olefiant gas are capable of combining in the proportion of one atom of 
the radical with two atoms of chlorine, forming the compound C 0 Cl* 
phosgene, So* Cl* chloro- sulphuric acid, and C*H*C1® Dutch liquid; 
and these molecules have the same vapour volume as steam 0 H*. But 
in the free state tlie radicals have a vapour volume double great as 
the equivalent quantity of oxygen, the atoms CO, SO*, C.* H* being 
as bulky as O*, so that whereas the molecule of oxygen and of sulphur 
consists of two atoms, that of carbonic oxide consists of one atom 
only, so also the molecule of sulphurous acid and of olefiant gas. 

Another family of very marked characteristics is that consisting of 
N, P, As, Sb, Bi, each member of which combines with three atoms of 
hydrogen or of ethyle (C* IP), forming basic compounds analogous to 
ammonia. Their analogy in chemical reactions is also w^ell known, 
as each of them forms an oxide corresponding to nitrous acid, and 
another corresponding to nitric acid. 

The sulphides of arsenic and antimony are notorious for their great 
resemblance, and that of arsenious and antimonious acid is scarcely less 
striking. It even extends to isomorphism of their corresponding salts. 

The atomic heat of the four last terms of the series is also very 
nearly the same, whilst tliat of nitrogen (examined of course as a gas) 
is considerably less. Then tJie molecule of phosphorus and of arsenic 
consists of four atoms, whilst that of nitrogen consists only of two, 
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showing a variety of constitution, which is by no means to be wondered 
at, when we recollect that these elements are not uniformly triatomic, 
but sometimes monatomic, pentatomic, &c., so that the molecule of 
free nitrogen consists of two monatomic atoms, or two triatomic, 
whilst the molecule of phosphorus and of arsenic is formed on the 
ammonia type of one triatomic atom and three monatomic atoms. 

Another family may, perhaps, be made up of carbon and silicon, 
both of which form volatile tetrachlorides, and are sometimes biatomic, 
sometimes tetratomic in their acids. 

Among metals, lithium, sodium, potassium, and probably also 
the new metals, rubidium, csesium, and thallium, have many important 
points of resemblance which show them to be monatomic. They 
replace hydrogen atom for atom, and form with many bibasic acids 
both normal and acid salts. Their chlorides form with tetra-chloride of 
platinum analogous double salts, and their sulphates form, with sulphate 
of alumina, <&;c., those well-characterized salts called alums. They do 
not form basic salts (unless when triatomic, like thallium). They have 
nearly the same atomic heat. 

Silver is remarkable for several of the properties which we have 
noticed in the alkali metals. It is eminently monatomic, and dis- 
inclined to form basic salts. Its atomic heat also shows it to be mona- 
tomic. It appears to form an alum, and its sulphate has a great 
resemblance of form with the anhydrous sulphate of soda. 

Gold also must from its specific heat, and the constitution of its 
two chlorides be classed among the metals which are monatomic or 
triatomic. Boron is evidently triatomic in its best known compounds, 
as proved by tlie ter-chloride and eihylide. ^ 

Among metals with ‘strongly basylous properties, Ca, Sr, Ba, Pb, 
are connected by very close analogies. The general resemblance of 
their sulphates and ’carbonates, and the isomorphism of most of them, 
are too well known to need mention. 

But lead has been obtained in combination with Ethyle, and the 
compound Pb (C* 11*)^ which corresponds to binoxide of lead, in 
which the two atoms of oxygen are replaced by four atoms of ethyle, 
and the compound Pb (C* IP) *C1 proves beyond a doubt that the 
metal is there tetrabasic. 

Again : lead is pre-eminent for its tendency to form basic salts even 
with purely monatomic chlorous elements and radicals. Thus ordinary 
nitrate of lead, when warmed in aqueous solution with ceruse, expels 
carbonic acid from that compound, and forms the well-known and 

crystallizable basic nitrate — If this be represented upon 


the water type, it is formed from two molecules of water, jj[ 

II 


O 

O 


two 


atoms of hydrogen, one from each molecule being replaced by the 
biatomic atom lead, whilst one of the remaining atoms of hydrogen is 
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replaced by N 0*, thus Pb^ 

But if the binary theory be adopted, it must be represented as 
lead combined with the radical N O*, and also with the radical H O, 
and the biatomic lead holds thus two atoms top;ether, just as much 
as biatomic oxygen Iiolds together ethyle and hydrogen in alcohol. 
If we mix our lead compound with sulphate of silver, and heat with 
water, we replace the one atom of lead in it by two atoms of silver, 
^tting a mixture of nitrate of silver and brown hydrated oxide of silver 
just as the replacement of oxygen in alcohol by Cl* forms chloride of 
ethyle + hydrochloric acid. 

We are thus led to consider these metals as biatomic, and to repre- 
sent their oxides by the old formulae Ca 0, Ba 0, Pb 0, whilst carbon- 
ates, sulphides, and sulphates have formulae like Ca C 0*, Ca S O®, Ca 
S 0 *, their chlorides, nitrates, and phosphates have formulae like Ca 
Cl*, Ca (N O®) *, Ca ® (P 0^) *. Nitrate of potash has thus a similar 
formula (N 0“ K) to arragonite C O® Ca, and their isomorphism is no 
longer surprising. The same remark applies to calc spar and nitrate of 
soda. 

Another analogous group of metals is the triad, magnesium, zinc, 
and cadmium, all volatile and forming salts which greatly resemble 
one another, and in many cases isomorphous. The constitution and 
properties of Frarklatid’s zinc etlnlo lea^o« ro doubt of the biatomic 
charact T of zinc, for the compound Zn(C*ir)* has the same mole- 
cular volume a'i other ()(C*ir)*, and if the atom of zinc were taken 
out and replaced by one atom of o\}gen, there would be no change of 
volume. 'Fheii half the ethyle in ziue ethvle is replaceable b} iodine, 
just as haU* the ethyle in ether i's replaceable by potassium. 

'^riie b'atouiic character of thi'* family being thus established, we 
can extend the conclusion to the other metals \\hich form inagnesian 
oxides, so called from the striking analog} of constitution of several of 
their salts with the corresponding salt of magnCNia. In this manner 
we are led to adojit for iron, manganese, nickel, cobalt, and copper 
atomic weights corre‘'poiHling to biatomic characters. Tlie subsiilphide 
of co])])er is thus represented by the formula C’n* S, which is sufficiently 
similar to that of sulpliide of silicr, Ag* S, to remove our snrjmise at 
their isomorphi>m. '^Fhere is, moi cover, in the reactions of alumina, 
sesqiii-oxide of iron, sescjiii-oxide of clirominni, and &esqni-oxide of 
manganese, much resemblance. All these are weak bases, and their 
sulphates form with sulphate of potash those most characteristic salts 
called alums. The three first are isomorphous in the iincombined 
state, so that the conclusion established for ir-m and maiiganose may be 
extended to aluminium and chromium. But it is aKo arrived at by 
other means, fur chromiiiin in combination with oxygen and chlorine 
forms the well-characterized compound Cr 0* Cl* chloro-chroraic acid, 
wliich contains the same quantity of oxygen and of chlorine as chloro- 
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sulphuric acid in two volumes of vapour, having 5*2 5 of chromium in 
the place of the 32 of sulphur of that compound Again, chromic and 
sulphuric acids exhibit a marked resemblance of properties, the former 
being, if anything, even more distinctly bibasic than the latter, and 
their normal potash salts are isomorphous, so that chromium is abun- 
dantly proved to be similar to sulphur in atomicity, and brings in 
evidence of its own in favour of the biatomic character of aluminium, 
iron, and manganese. In like manner manganese in manganic acid is 
connected with sulphur in sulphuric acid, and requires a corresj>onding 
biatomic weiglit. The isomorphism and general analogy of per-man- 
ganate of potash with per-chlorate of potash has often been alluded to 
as pointing to the necessity of representing the former by a formula 
containing one large atom of manganese, Mn ()*K: but although this 
formula, by assiniiloting the expressions for these two sinnlar bodies, 
removes one difficulty, it creates at the same time another difficulty, 
by presenting a formula containing only one atom from the first 
family of elements. The speaker said he would not at present hazard 
any opinion regarding the propriety of renmving this difficulty by 
doubling the above formulae, together with that of per-ehlorate of 
potash, although he might remark that the constitution of the basic 
per-iodate of soda points to the formula 1* ()® Na* 3 (II* O). 

An exceedingly strong ground for admitting for many heavy 
metals the atomic weight correqmnding to a biatomic character was 
brought forward some time ago by Wurt/. wlio pointed out that 
adopting for oxygen the atomic weight 16, we get a half-molecule of 

wate** -^ 2 ^ molecule of various salts if we consider the heavy 

metals monatomic. 

Other metals ar^ susceptible of reduction by similar analogies to 
the class of elements which are biatomic or tetratomic, &c. Thus 
mercury is proved by the ethvlide and melhylide to be biatomic by the 
fact that the compound for one atom of mercury with two atoms of 
cthyle or of raetliyle, occujues the same volume in the state of vapour 
as the compound of one atom of oxygen with two of ethyle or of 
methyle Tig ((> 1P)*= 2 \ols.,and we can take out one atom of inethylo 
from the bi-mctliylidc of mercury, and replace it by an atom of chlorine, 

bromine, or iodine without disturbing the type, ^ Hg. The com- 
mon bi-chloride of mercury has, moreover, a vapour volume corre- 
sponding to the biatomic character of the metal, and the same thing 
holds gooil of the vapour of metallic mercury itself, which has the 
same volume as the metal cadmium, and probably zinc, ami the well- 
known biatomic radicals CO, SO*, C* but double the volume of 
the elements ox}gen and sulphur. In the present state of our 
knowledge the speaker was not aware of any sufficient grounds for 
deciding which of these two constitutions of the free molecule of a 
biatomic element or radical is to bo considered as normal and which 
is abnormal. On the one hand, mercury, cadmium, and all known 
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biatomic radicals have a molecule containing one atom, while the 
molecule of oxygen contains two atoms, and that of sulphur two at 
high temperatures and six at lower temperatures. Selenium is at 
high temperatures like sulphur. It has been amply shown by Dr. 
(Idling and others that tin is biatomic and tetratomic in its two 
chlorides, and its compounds with the organic radicals and chlorine, 
&c., leave no room for doubt on the point. 

By similar chains of evidence the remaining metals can be shown 
to belong to the great biatomic class containing already so many. 

The vapour densities of the so-called sesqui chlorides of iron, 
aluminium, and chromium, as determined by Deville, show that the 
molecule of each of these bodies contains two atoms of metal and six 
atoms of chlorine, in fact the same quantity of metal as the molecule 
of the sesqui -oxide : this fact has been held to be an anomaly from the 
point of view adopted regarding their atomic weights. The speaker 
believed, however, that so far from being anomalous, these vapour 
densities are the least which can be reconciled with the conclusion that 
the metals permanently combine with even numbers of atoms from the 
first fanvH) , for if one atom of iron could on occasion combine with 
three atoms of chlorine to form one mol(*cule, the law respecting it 
would assume the not very wise form, — that iron combines with an 
even number of atoms from the first family, except when it combines 
with an uneven number ! 

The fact is, that the sescjui-chlorides are not exceptions to the law, 
as at first sight they are suspected of being. Precisely the same 
remarks apply to the so-c<illed subchloride of sulphur of which the 
molecule is S^Cl^ as required by the law. 80 also cyanogen C*N*, 
acetylene (’* IP, etliyle &c. &c. Amongst exceptions, the 

speaker mentioned nitric oxide and calomel, both of which liave vapour 
densities corresponding to the molecular formulm N O and Hg Cl. 

Many compounds are known to undergo decomposition on evapora- 
tion, and to be reproduced on condensation ; thus N IPO yie-ds the two 
molecules N IP and IPO, each with its own volume, as also SO®H* 
yields 8 O" and IP O. 8 O* II* and P CP are also known to yield on 
evaporation vapour corresj)onding to a breaking-up into two molecules; 
and there arc strong reasons from analogy, as well as experimental 
evidence, to believe such decomposition. As, however, a high au- 
thority seems inclined to doubt the decomposition, the matter may be 
considered as still sub jiidice. 

The existence of basic salts of mercury or copper, when apparently 
monatomic, is another class of apparent exceptions to the law. For if, in 
the sub-nitrate of mercury, the atom of metal really replaced one atom 
of hydrogen, just as potassium does in nitrate of potash, there ought not 
to be basic sub-nitrate of mercury, any more than a basic potash salt ; 
whereas if the sub-nitrate of mercury contains, as the speaker asserted, 
in one molecule two atoms of metal and two atoms of the salt radical 
of the nitrates (N 0 ®), tlien a basic salt is as natural and intelligible a 
compound as the basic nitrate of the red oxide. 
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The action of ammonia on calomel confirms the molecular weight 
Hg* Cl* ; for the compound N H* Hg* Cl, formed simultaneously with 
sal ammonia, proves that twice (IlgCl) takes place in the reaction, 

[A. W. W,] 



Friday, May 6, 1864. 

Colonel Philip James Yorke, F.R.S. in the Chair. 

Professor Roscoe, F.K.S. 

On the Metal Indium and Recent Dhcoi'eries 07 i Spectrum Afialysis. 

Since the spring of 1862, wlien the speaker delivered a course of three 
lectures in this Institution on the Spectrum Discoveries, much has been 
done to increase our knowledge of Spectrum Analysis, but the nhole 
subject Is sCiil in its infancy, and the further we advance the more we 
find remains to be known. 

No less than four new elementary bodies have already been dis- 
covered by means of Spectrum Anal\sis : Ccesium and Rubidium, by 
Bunsen ; Thallium, by Mr. Crookes ; and Indium, by Reich and Richter, 
of Freiberg ; whilst tlie foundations of Solar Ciieniistry. laid by Kirchhoff, 
have been rendered more secure b> the observations of Cooke, in 
America ; Donati, in Italy ; and Miller and Huggins, in England. 

Cmsium and rubidium were at first only found in one or two 
mineral waters ; they have since been shown to be widely distributed 
in the vegetable as well as in the mineral kingdom ; they have been 
obtained inconsiderable quantities from the beet-root salt, and found in 
the ashes of tea and coffee, thus proving that they occur (ummonly in 
soil ; whilst, quite recently, M, Pisani has found that a miiw lal, called 
pollux, occurring in Elba, contains 34 per cent, of capsium, this metal 
having been mistaken for potash in the analyses which had previously 
been made of this substance. Thallium and its compounds have been 
obtained in large quantities, and their properties fully investigated by 
Crookes and liamy, whilst this metal has not only been found in iron 
pyrites, but also in large quantities by Schrotter, in the mica of Zinn- 
wald, and in lepidolite, from Moravia. Thallium has been shown by 
Boettger to occur together with cmsium and rubidium in the mineral 
water of Nauheim, near Frankfort; Boettger has, moreover, shown that 
thallium is contained in the vegetable kingdom, he has found it in the 
yeast of the vinous fermentation ; so that thallium exists in wine ; also 
in treacle, tobacco, and chicory. If 4 lbs of any of these substances 
are employed, a sufficient quantity of thallium can be obtained as the 
double platinum-chloride to enable its presence to be easily detected, 
l^rofessor Bunsen has informed the s|)eaker that he has found a mother 
liquor from the Ilartz, which contains so much thallium, that the 
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iodide can be obtained by direct precipitation in quantity at the rate 
of 105. per lb. The speaker exhibited the spectrum of the Nauheim 
salt, which contains the three new elements ; the spectrum of each 
metal is well seen by placing the mixed platino-chlorides in the 
electric arc. 

Drs. Reich and Richter, of Freiberg, in Saxony, have lately dis- 
covered a fourth new metal in the Freiberg zinc blende.* This metal 
has been termed Indium, from the two splendid indigo-blue lines which 
characterize its spectrum. Through the kindness of Professor Richter, 
the speaker had been placed in possession of a few grains of this 
new metal, the spectrum of which was exhibited by the electric 
lamp. In its chemical relations it resembles zinc, with which it is asso- 
ciated in nature ; the metal can be reduced before the blowpipe to a 
malleable bead, when it forms a soft, ductile bead, which imparts streaks 
to paper on rubbing, and possesses a colour lighter than that of lead, 
being about the same as that of tin. The metallic bead dissolves in hydro- 
chloric acid with the evolution of hydrogen. The oxide of indium is 
formed as a yellow fusible incrustation when the metal is heated before 
the blowpipe on charcoal. Indium differs from zinc in the insolubility 
of the hydrated oxide in excess of both ammonia and caustic potash. 
This new element may be separated from all the known metals by pre- 
cipitating its sulphide in alkaline solution, and by throwing down the 
hydrated oxide first with ammonia and then with caustic potash ; and, 
lastly, by precipitating the iron with dilute solution of bicarbonate of 
sodium. The hydrated oxide of indium then remains in solution in 
the pure state. Indium may be readily detected when present in its 
pure compounds by the deep purple tint which thase impart to flame. 
The characteristic lines are, however, best seen when a small bead of 
indium salt is placed between two poles, from which an electric spark 
passes ; the lines In a and In ^ fall respectively upon divisions 107*5, 
and 140 of the photographic scale of the spectroscope, when Na = 50, 
and Sr ^ = 100*5. Up to the present time indium has been only found 
in the ^ery smallest quantity, and hence the atomic weight of the metal 
and the composition of its salts have not yet been determined ; in 
fact, the speaker was led to infer that Professor Richter sent him 
nearly all the compound of the metal remaining from the investigation 
of its properties, for the purpose of illustrating this discourse. It has 
only as yet been detected in the zinc blende of Freiberg; but it will, 
doubtless, soon be discovered in larger quantities, and its compounds 
more closely studied. 

As regards the spectra of the well-known metals, our knowledge has 
been much increased by the publication of the second series of Kirchhoff’s 
maps of the solar spectrum and the spectra of the chemical elements 
(Macmillan and Co.). In these Kirchhoff has marked the position of 
the bright lines of no less than thirty metals, and indicated thole which, 
as they coincide with a dark solar line, reveal the presence of the par- 


♦ Phil. Mag. for March, 1864. Series 4, vol. xivii. p. 199. 
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ticular metal in the sun’s atmosphere. Kirchhoffs maps now embrace 
the whole of the visible spectrum from the line a in the extreme red, 
to the line o in the indigo ; beyond these limits the intensity of the. 
light passing through his three prisms became too slight to enable him 
to draw the lines. The observations thus made of coincidences of me- 
tallic with solar lines in the red and indigo portions of the spectrum, 
confirm the conclusions drawn by Kirchhoff from his earlier obser- 
vations, with the exception of the presence of potassium. This metal 
is not seen in the solar atmosphere, the potassium red line is not coin- 
cident with the solar line a, as it was suppo'-ed to be, nor with any 
other dark solar line. No metal, in addition to those previously ob- 
served, was found to possess lines coincident with solar lines, and hence 
the number of bodies known to be present in the sun has not been 
increased. 

The experiments of Mr. Huggins on the spectra of the metallic 
elements, made with an instrument of six prisms, although not yet 
published in full, promise to add greatly to our knowledge on this 
subject^ one interesting observation may be cited ; viz. that the 
spectrum 6f sodium has been found to contain three pairs of lines in 
addition to those corresponding to the dark double line u, and that these 
also coincide with dark solar lines, adding to the evidence previously 
possessed of the existence of sodium in the sun. The audience had 
been already made acquainted with Dr. Miller s important researches 
on the photographic spectra of the metals, and with the valuable 
obser\"ation8 made by himself and Mr. Huggins on the spectra of the 
fixed stars. Connected with this part of the subject may be men- 
tioned Professor Stokes’s interesting investigation on the long spec- 
trum of the electric spark, in which he shows that the vapour of certain 
metals, such as iron and magnesium, when heated by the passage 
of an electric spark, emit rays of so high a degree of refrangibility, 
that they are situated at a distance from the lines h, ten times as great 
as that of the whole visible spectrum from a to ir. These highly 
refrangible rays only become visible at the highest temperatures, and 
they are not seen in the solar spectrum, although the less refrangible 
iron and magnesium lines are present. Hence it has been suggested 
that the temperature of the sun must be lower than that of the electric 
spark in which these lines are developed. This conclusion appears 
legitimate only if we know that these rays of high refrangibility are 
not absorbed in passing through our atmosphere ; and an investigation 
of great interest here presents itself for those who ascend into the higher 
regions of the atmosphere. 

The observations of Dr. Robinson upon metallic spectra have led this 
astronomer to doubt the validity of some of the conclusions arrived at 
by Kirchhoff concerning the existence of a separate and non-coincident 
set of lines in the spectrum of each metal. It seems, however, that 
Dr. Robinson employed only one prism and a low magnifying power, 
so that we must conclude that the observations from which he deduces 
the coincidence of certain lines as proving their identity in several 
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metals, cannot impugn the results obtained by help of a larger instru- 
ment of sufficient power to resolve these apparent coincidences. 

The original statement made by Bunsen and Kirchhoff concerning 
the spectra of the metals still remains unopposed by a single well- 
established fact— the statement, namely, that when a metal is heated 
up to a certain point, the spectrum of its incandescent vapour contains 
a number of fine bright lines which do not change their position 
with increase of temperature, and are not coincident with the lines of 
any other known substance. There is, however, no doubt of the fact 
that in the spectra of certain metals or metallic compounds new lines 
are developed by increase of temperature ; and also that certain 
metals, as calcium, barium, and strontium, yield spectra of two kinds ; 
one of these, seen at the lower temperature, and consisting of broad 
bands, being resolved at a higher temperature into bright lines. 
These bright lines do not undergo any further change on elevation of 
temperature, and characterize the true metallic spectrum, whilst the 
band-spectrum is probably produced by the incandescent vapour of a 
metallic compound which is decomposed at a higher temperature. 

Our knowledge of the spectra of the non-metallic elements is, as 
yet, in a very incomplete state. To the researches of riiickcr, we are 
especially indebted for information on this subject ; he has shown that 
each metalloid possesses a peculiar and characteristic spectrum ; 
hydrogen, for instance, yielding only three bright lines, all of which are 
coincident with dark solar lines ; and nitrogen exhibiting a complicated 
series of bands. Pliicker has lately come to the conclusion that many 
non-metallic elementary bodies, and among them sulphur and nitrogen, 
exhibit two distinctly different spectra when the temperatwre is altered, 
in this respect resembling the metals of the alkaline earths. This 
difference Pliicker ascribes to the existence of these elements in two 
allotropic conditions. 

A singular relation with regard to what have been termed the 
carbon lines was observed by the speaker. It has been stated that 
all the various forms of carbon compounds when in the state of incan- 
descent gas, yield identical spectra. This proves not to be the case ; 
the spectrum obtained from the flame of olefiant gas is different from 
that obtained by the electric discharge through a vacuum of the same 
gas ; whilst the spark passing through a cyanogen vacuum produces a 
spectrum identical with that of the olefiant gas-flame, and through the 
carbonic oxide vacuum a spectrum coincident with that of the spark 
through olefiant gas vacuum. 

As an illustration of the application of abstract scienti0c prin- 
ciples to useful practical purposes, the speaker stated that he had 
lately applied spectrum analysis to the manufacture of steel by the 
Bessemer process. One of the great drawbacks to the successful 
practical working of Mr. Bessemer’s beautiful process for converting 
cast-iron directly into steel, has been the difficulty of determining the 
exact point at which the blast of air passing through the molten metal 
is to be stopped. The conversion of five tons of cast-iron into cast- 



LIBRARY OF SCIENCE 


513 

steel usually occupies from fifteen to twenty minutes, according to the 
varying conditions of weather, quality of the iron, strength of the 
blast, &c. If the blast be continued for ten seconds after the proper 
point has been attained, or if it be discontinued ten seconds before that 
point is reached, the charge becomes either so viscid that it cannot be 
poured from the converting vessel into the moulds, or it contains so 
much carbon as to crumble under the hammer. Up to the present 
time, the manufacturer has judged of the condition of the metal by the 
general appearance of the flame which issues from the mouth of the 
converting vessel. Long experience enables the workman thus to 
detect, with more or less exactitude, the point at which the blast 
must be cut off. It appeared to the speaker that an examination of 
the spectrum of tliis flame might render it j^ossible to determine this 
point with scientific accuracy, and that thus an irjsight might be gained 
into the somewhat complicated chemical changes which occur in this 
conversion of cast-iron into steel. At the request of Messrs. John 
Brown and Co., of the Atlas Works, Sheffield, the speaker investigated 
the subject, and succeeded in obtaining very satisfactory and interest- 
ing results. The instrument employed was an ordinary SteinheiFs 
spectroscope, furnished with photographic scale and lamp, and provided 
with a convenient arrangement for directing the tube carrying the slit 
towards any wished -for part of the flame, and for clamping the whole 
instrument in the required position. By help of such an arrangement 
the spectrum of the flame can be most readily observed, and the 
changes which periodically occur can be most accurately noted. 

The light which is given off by the flame in this process is most 
intense ; indeed, a more magnificent example of combustion in oxygen 
cannot be imagined— and a cursory examination of the flame spectrum 
in its various phases reveals complicated masses of dark absorption 
bands and bright lines, showing that a variety of substances are present 
in the flame in the state of incandescent gas. Ify a siniidtaneous 
comparison of these lines in the flame-spectrum with the well-known 
spectra of certain elementary bodies, the speaker has succeeded in 
detecting the presence of the following substances in the Bessemer 
flame : — Sodium, .potassium, lithium, iron, carbon, phosphorus, hydro- 
gen, and nitrogen. 

A further investigation with an instrument of higher dispersive and 
magnifying powers than that employed, will doubtless add to the above 
list ; and an accurate and prolonged study of this spectrum will pro- 
bably yield very important infonnation respecting the nature of the 
reactions occurring within the vessel. Already the investigation is so 
far advanced that the point in the condition of the metal at which it 
has been found necessary to stop the blast can be ascertained with pre- 
cision ; and thus, by the application of the principles of Spectrum 
Analysis, that which previously depended on ihe quickness of vision of 
a skilled eye has become a matter of exact scientific observation. 

Another interesting practical application of our knowledge concern- 
ing the properties of the kind of light which certain bodies omit when 
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heated, is the employment of the light evolved by burning Magnesium 
wire for photographic purposes. The spectrum of this light is exceed- 
ingly rich in violet and ultra-violet rays, due partly to the incandescent 
vapour of magnesium, and partly to the intensely-heated magnesia 
formed by the combustion. Professor Bunsen and the speaker in 1859 
determined the chemically active power possessed by this light, and 
compared it with that of the sun ; and they suggested the application 
of this light for the purpose of photography. 'I’hey showed* that a 
burning surface of magnesium wire, which, seen from a point at the 
sea’s level, has an apparent magnitude equal to that of the sun, etfects 
on that point the same chemical action as the sun would do if shining 
from a cloudless sky at a height of 9® 53' above the horizon. On 
comparing the i^uible brightness of these two sources of light, it was 
found that the brightness of the sun’s disc, as measured by the eye, is 
524*7 times as great as that of burning magnesium wire when the sun’s 
zenith distance is 67^ 22' ; whilst at the same zenith distance the sun’s 
chemical brightness is only 36*6 times as great. Hence the value of 
this light as a source of the chemically active rays for photographic 
purposes becomes at once apparent. 

Professor Bunsen and the speaker state in the memoir above referred 
to, that, “ the steady and equable light evolved by magnesium wire, 
burning in the air, and the immense chemical action thus produced ; 
render this source of light valuable as a simple means of obtaining a 
given amount of chemical illumination, and that the combustion of 
this metal constitutes so definite and simple a source of light for the 
purpose of photo-chemical measurement, that the wide distribution of 
magnesium becomes desirable. The application of this metal as a 
source of light may even become of technical importance. A burning 
magnesium wire of, the thickness of 0*297 millimetre, evolves, accord- 
ing to the measurement we have made, as much light as 74 stearine 
candles of which five go to the pound. If this light lasted one minute, 
0*987 metre of wire, weighing 0*120 grammes, would be burnt. In 
order to produce a light equal to 74 candles burning for ten hours, 
whereby about 20 lbs. of stearine is consumed, 72*2 grammes (2i- ounces) 
of magnesium would be required. The magnesium wire can be easily 
prepared by forcing out the metal from a heated steel press having a fine 
opening at bottom ; this wire might be rolled up in coils on a spindle, 
which could be made to revolve by clockwork, and thus the end of 
the wire, guided by passing through a groove or between rollers, could 
be continually push^ forward into a gas or spirit lamp flame in which 
it would bum." 

It afforded the speaker great pleasure to state that tho foregoing 
suggestion had now been actually carried out. Mr, Edward Sonstadt 
has succeeded in preparing magnesium on the large scale, and great 
credit is due to this gentleman for the able manner in which he has 


• Phil. Trans. 1859, p. 920. 
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brought the difficult subject of the metallurgy of magnesium to its 
present very satisfactory position. 

Some fine specimens of crude and distilled magnesium weighing 
3 lbs. were exhibited as manufactured by Mr. Sonstadt’s process, by 
Messrs. Mellor & Co. of Manchester. 

The wire is now to be had at the comparatively low rate of Zd. per 
foot ; ♦ and half-an-inch of the wire evolves on burning light enough to 
transfer a positive image to a dry collodion plate ; whilst by the com- 
bustion of 10 grains a perfect photographic portrait may be taken, 
so that the speaker believed that for photographic purposes alone the 
magnesium light will prove most important. The photochemical 
power of the light was illustrated by taking a portrait during the 
discourse. In doing this the speaker was aided by Mr. Brothers, 
photographer, of Manchester, who was the first to use the light for 
portraiture. 

[II. E. R.] 
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Friday, June 3, 1864. 


Sir IIexNRy IFuxand, Bart. ]M.D. K.R.S. Vice-President, in the Chair. 


Edward Frankland, Esq. F.R.S. 

PROrESSOR OP CHFMISTRT, ROYAL IXSTITUTION. 


On Reoent Chemical Researches in the Royal Institution, 


Amongst the branches of inquiry that have engaged the attention of 
chemists during the past fifteen }ears, there can scarcely be two 
opinions as to the paramount importance of those investigations, which 
have had for their object the discovery of the internal structure of 
chemical compounds, and especially of organic compounds ; for it is 
by thus studying the architecture of these bodies, that we become 
acquainted with the plans according to which nature herself constructs 
them under the influence of what we term vitality, and that we are 
criabh^d to iiniiatc Ikt (qx^rations. J’lie number 4*/’ organic com- 
pounds that can flow be ])rodnced, without the aid of life in an\ tbrni, 
sonic of tliein cx'ii constituting a part of the I’ckmI of man. afl'ords ample 
tCNtimoii) lo the importance of this tick! and the success with which it 
hu^ been cnlt^atcd. 

Tlie ultimate analytical coinpos»ition of a cluunical coin]>ound affords 
us little or no informalion available for the production of that com- 
pound, artificially ; but the moment the internal arrangement t>f the 
atoms l)ec<ui)e^ known, llie constructive \>rovvss at once suggests itself. 
Sueh a jirolibn. may bo attacked in two <listinot ways, cither by taking 
the C()n))»onnd to jiieees, or by building it up from its proximate con- 
stituent.s, Aiur<' than twelve } c ars ago, llie speaker had ajijdied the 
latter or syntluuical jirocess to the investigation of organic compounds 
containing metals, som(> of the results ot wliicli In* had communicated 
to the mernliers on a previous occasion. A like scrutiuj must be 
apfilied to other families of organic bubstauc(‘s if wo are to Ijccome 
eipi.dly acquainted with llieir molecular construction. It was the 
a|)plicatioii of the svntlietical process to an im])ortant fainil}’- of organic 
substances, tliat had formed the basis of the investigations recently 
carried on in the eliernical laborafoiy of the Inst itiif ion. In tlie exe<'n- 
lion of tills w ork the had been entluisiaslieally j(dned by his 
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friend, Mr. Duppa, who iiud in an eminent degree contributed lo 
whatever success had attended their labours. 

The family of organic acids llnis attacked, and which is represented 
by lactic acid, had for some years past excited the interest and atten- 
tion of chemists, but althougli much laborious in\estigation had been 
expended upon it, es])ccially by Kolbeaiid Wurtz, yet the constitution of 
these acids was still far from being established. Like any effort to over- 
come a difficulty, such an investigation required the selection of a plan 
of attack, and the preparation of tlic agents, or weaj)orjs, by which the 
assault was lo be made. 'I'he speaker had already pro\ed 111 a paper 
communicated to the Uoyal Society, that oxalic acid was the basis or 
model of the family of acids to be investigated. This f ict showed the 
path by which the subj(’ot was lo be apjwoached, and he then went on 
to describe the principles according lo which the weapons were con- 
structed. 

In IVIcchanics, the engineer proportions the force which he employs 
to the effect required to be produced, and it was considered one of the 
greatest achievements in such control of mechanical force, W'hen Mr, 
Nasmyth’s hammer could be made, at one moment to deliver a 

blow gentle enough to break the shell of a nut without crushing the 
kernel, and at the next to descend with a force sufficient to smash a 
block of granite and sliake the ground beneath it. As in mechanics, 
where we deal w’ith masses, so in chemistry, where we have to do wdth 
atoms, it is also necessary to apply a properly graduated amount of 
force, and to ap[)ly it in the right direction, (’heniistry w^as yet far 
b(*]iind mcehanios in this faculty of graduating force, but b^ availing 
ourselves of cortaiii chemical rccietions, we had iht i)ower, as it were, 
of gradually storing up force in the atoms of bodies, and of delivering 
the blow when the force had become strong enough to effect the change 
required. In this way the comparatively inert radicles or molecules, 
methyl, ethyl, amyl, &c., could be invested with chemical energy suffi- 
cient to force their entrance into oxalic acid. The proces.s of thus 
endowing these radicles with force was likened to the gradual winding 
up of a weight to the height necessary for the productior of a given 
effect by its subsequent fall. For this purpose a force external to the 
atoms to be elevated was obviously required. The first supply of this 
force was taken from sodium ; but sodium, although competent to raise 
the molecules of ethyl or methyl to a great elevation, was yet too 
rough in the use of its power, for if we attempted, by its sole agency, 
to elevate these molecules, they were actually tom to pieces by the 
violence of the effort. The action of the sodium must, therefore, be 
moderated by combining it with mercury ; much of its power was thus 
lost, but sufficient still remained for the purpose, if rightly employed. 

This sodium amalgam on being brought into contact with the 
iodides of methyl, ethyl, or amyl refused to exert any action, but on the 
addition of a few drops of acetic ether, which acted in this case like a 
ferment, the sodium separated the iodine from the ethyl, whilst the 
latter united itself with the mercury. 
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2C. H, I + 

Iodide of Ethyl 



Sodium Amalgam 


(C. II, 

llg + 2 Na I 

iCfi Iodide of Sodium 

Mercuric Ethldt 


By this association with mercury, tlie energy of the ethyl was 
greatly increased, but it still lacked sufficient power for its attack upon 
oxalic acid ; having once commenced its ascent, however, the further ele- 
vation of the ethyl became comparatively easy. It was only necessary 
to digest the mercuric ethide, procured as above described, with metallic 
zinc, at a temperature of 100® 0. for several hours, in order to replace 
the mercury with zinc, by which means zinc ethyl was obtained. 


(C* II, 

Ilg < + Zn. 

i c« H , 

Mercuric Etliide 


(C. II, 

Zn. \ + Ilg 

iC. II , 

Zinc Etbyl 


The zinc ethyl thus obtained possessed far greater energy than the 
mercuric ethide from which it was derived,* and, in fact, in this com- 
pound, the ethyl became fully armed for the contemplated expedition. 
The speaker, however, showed that its power could be still further in- 
creased by the addition of the metal lithium. By th(jse processes the 
following chemical compound') and weapons of attack had been maim- 
factured : — 


^AM». 

Mercuric Methidc . . . 

• 

1 ormula. 

IT„ 

• icii. 

Mercuric lodo-methide , 


• iig 

)C1I, 

ll 

Mercuric Ethide . , . 


. Hg 

jC. IP 
ic. n. 

iMcrcnric lodo-ethidc 

• ■ 

. Hg 

|r.«. 


* The intense chemical energy of zinc ethyl was shown experimentally by a 
fountain of the liquid, which played perpendicularly to the height of 6 or 8 fe«t, 
forming a fiery jet of blue and white name. 
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Mercuric Chlor-ethide . . . 

Mercuric Amylide 

Mercuric Tod-c'iinjlide. . . . 

Mercuric Chlor-amylide . . . 

Zincniothide 

Zincethidc 

Ziiicamylide 

Lithio-mercuric Methide . . 

Lithio-merouric Ethide . . . 

Lithio-ziiic Methide . . . . 

Lithio-zinc Ethide 



IC.IL 

(Cl 

Ug { 

C,IT., 

Hg {?•““ 

Hg { 

C, II,. 

Cl 

Zn 1 

CII. 

CII. 

Zn 1 

C.H. 

C. II, 

Zn 1 

II., 

C. If.. 

Hg''l 
Li' 1 

;cir,' 
cii; ? 

[CIL- 


(C,1I,' 

? 

Li' 

[c, H,' 

Zn" 

Li' 

(CH,' 

cii; f 
Ic'iy 

Zn" I 
Li' 1 

ICUL- 

c,n; ? 
Ic; H,' 


The speaker .tlien described the action of several of these bodies 
upon oxalic acid, or rather oxalic ether. This action consisted in the 
removal of one atom of oxygen from oxalic acid, and its substitution 
by two atoms of etliyl, methyl, <kc. Thus, b\ the action of zincetlivl, 
oxalic acid was transformed into leucic acid — a bod\ tliat had previously 
been obtained from animal tissues, e^peciallv from the spleen and 
luuga. By acting upon oxalic ether with the zinc compounds of other 
organic radicles, a large number of acids belonging to the lactic series, 
and hitherto unknown, could be produced. Many of these acids were 
isomeric with each other, tliat is, possessed the sjime percentage com- 
position, but differed in their interior architecture. Thus leucic acid 
was susceptible of no less than nine isomeiiv modifications, three of 
which had already b(*en obtained by the metliod now described. The 
following table shows the iiitenial structure of these isomeiic leucic 
acids : — 
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C,'" 

C.H.' 

C.H,' 

0" 

OH' 

OH' 

C,'"‘ 

[c.h; 

H' 

0" 

oc«h; 

OH' 

c,"'. 

fc.n.' 

cn.' 

0" 

OCH.' 

. OH' 


rcH^' 




[W 


CH®' 


on.' 


H' 

C,'"' 

0" 

C.'": 

0" 

C.'"^ 

0" 


OC, H,' 


OH' 


och; 


OH' 


OH' 


OH' 


rcH^' 

1 

c,h; 


[H' 


H' 


H' 


H' 

C.'" 

0" 

P Hf l 

0" 

C.’" 

0" 


OC, H,' 

1 

OH' 


()C,h; 

1 

OH' 


OH' 


OH' 


The following is a list of acids which, with their compounds, have 
thus been produced and investigated during the ])ast year in the labo- 
ratory of the Institution. 


Name. 


Dimethyloxalic Acid No. 1 


Diraethyloxalic Acid No. 2 


Lcucic Acid No. 1 . . . 


Leucic Acid No. 2 . . . 


Formula. 


C." 


CHs' 

O" 

oir 

oil' 


C,'" 


CIV 

IT 

O" 

OCTV 

OH' 


fCJI,' 


C l nt 
S 


O" 

oil' 

oil' 


CV" 


r.Ti,’ 

CII,' 

O" 

OCH/ 


V 
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V2 1 


Leucic Acid 3 . . 


Ethyl-amyl Oxalic Acid 


iCHb' 

cji; 

c;"; o" 

[ oir 


cr- 


oji»; 

C\1U' 

O" 

oir 

oir 


Diiunyl-oxalic Aniyl-etlicr 


'-'5J 


(\n./ 

cyi,/ 

()" 

oir 

ocji,/ 


These reactions proved that lactic acid, the rej)! (‘tentative of this 
family of acids, was also cast in the mould of oxalic acid. Thus, 
the latter deadly orjianic body was coinerted by the removal of 
one atom of oxygen and its substitution bv one of ludrogon and 
or»e of methyl into the harmless acid of sour milk, a constituent of 
the juices of the human body, and an agent, no doubt, of importance in 
the transformations attending animal life. A similar marvellous trans- 
mutation of character is met with in the highly t>oisoi)ous ar^'Cnic acid, 
which, by the exchange of one atom of oxygen for two of methU, is 
converted into the innocuous, (liough perfectly solulde, cacodvlic aciil. 

The speaker concluded as follows : — licit , then, w e ha\e a most pro- 
lific reaction, capable of furnishing an immense number of new" organic 
bodies, and at the same time indicating to us tlie \erv simjde manner 
in which nature evolves some of her, ajiparently, most comjdex results. 
Jiy a species of ])rogressive development, this simply organized oxalic 
acid becomes gradually elevated, cultivated, and transformed into 
bodies, whicli. when viewed by one ignorant of their true origin, appear 
to possess a hopeless comjilexity. E'ot only do wt now gain a clear 
insight into the architecture of the.so aci(K, but vve can take the very 
elements of which they are composed, and build tliein up unaided by 
any vital processes. We need not even go for oxalic acid, our very 
type or model, either to the wood-sorrel, or the lichen, which, by means 
of tliis acid, corrodes the rock upon wiiich it growls ; for we have the 
power both to lay the foundation and to build the Miperstructure of thcwse 
organic bodies, without the least assistance from either animal or vege- 
table life. And is it too much to hope, that, by analogous inductive 
scrutiny, even the most obscure and complex physiological phenomena 
of life itself will one day yield to scientitic research, and become to us 
as clear and sim[)le as they are now dark and uninteUigible? Uut to 



522 


LIBRARY OF SCIENCE 


acconiplibli this, the human intellect must prepare itself for efforts far 
more difficult than any it has yet made. Hitherto the more palpable 
and simple phenomena of nature have been the first to attract the 
attention of philosophers, whilst the more recondite and hidden, consti- 
tuting increasingly difficult subjects of research, have been left for 
future explorers. Thus, although we are still scarcely advanced 
beyond the condition of children gathering pebbles on the shore of the 
boundless ocean of knowledge, yet those pebbles, never easy to find, 
are now no longer left dry on the beach. They must be dragged from the 
grip of the waves by patient and cunning toil. Difficulties innumer- 
able and apjialling confront us, but let the human intellect be only left 
free and untrammelled, and it will surely accomplish the task set 


before it. 


|E. F.] 



Friday, J une 10, 1 864. 


William Robert Grove, Esq. M.A. Q.C. F.R.S. Vice-President, 

in the Chair. 


John Tyndall, Esq. F.R.S. M.R.I. 

PBOFSaSOB OF NATURAL PUILOSOPHT, SOTAI. IKRTITVTrOX. 


On a Magnetic Experiment, 

There are two words which are very often employed in scientific 
writings — matter and force. The definition of each involves the 
conception the other. We know nothing of force save through its 
operations upon matter, and we know nothing of matter save through 
the manifestations of its force. The characteristics of any force must 
be sought in the material changes which it is competent to produce. 
Some years ago I felt a great interest in the subject of magnetism, and 
in those years I devised an apparatus to enable me to investigate 
certain mechanical effects which accompany the act of magnetization. 
I wished to apply this apparatus to diamagnetic bodies as well as 
paramagnetic ones — to bodies such as bismuth, as well as to bodies 
such as iron. I intend this evening to show you the action of this 
instrument, and to give, if I can, some explanation of the experiments 
of others which have been confirmed by my own. 

Let us pass quickly in review the excitation of this wonderful 
power of magnetism. Here is a strong horseshoe magnet set upright, 
and here is a bent bar of steel, whose arras are the same distance apart 
as those of the horseshoe magnet. I draw the bent steel bar over the 
ends, or the poles, as they are called, of the magnet. It suddenly 
obtains the power of attracting this iron keeper and holding it fast. 
I reverse the stroke of the steel bar : its virtue has now disappeared ; 
it is no longer competent to attract the keeper. I cojitinue the stroke 
of the steel bar in the last direction, and now it is again competent to 
attract the iron : thus 1 can at will magnetize and demagnetize this 
bent piece of steel. 

Here is a fine permanent magnet constructed by Logeman of 
Haarlem, and competent to carry a great weight. Here, for example, 
is a dish of iron nails which it is able to empty. At the other side of 
the table you observe another mass of metal, bent like the Logeman 
magnet, but not, like it, naked. This mass, moreover, is not steel, 
but iron, and it is surrounded by coils of copper wire. It is intended 
to illustrate the excitement of magnetism by electricity. At the 
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present moment this huge bent bar is so inert as to be incapable of 
carrying a single grain of iron. I now send an electric current 
through the coils that surround it, and its power far transcends that 
of the steel magnet on the other aide. It can carry fifty times the weiglit. 
It holds a 561b. weight attached to each of its poles, and it empties 
this large tray of iron nails when they are brought sufficiently near it. 
I interrupt the current : the power vanishes, and the nails fall. 

Now the magnetized iron cannot be in all respects the same as the 
unraaguetized iron. Some change must take place among the mole- 
cules of the iron bar at the moment of magnetization. And one 
curious action which accompanies the act of magnetization I will now 
try to make sensible to you. Other men laboured, and we are here 
entering into their labours : the effect I wish to make manifest was dis- 
covered by ^Ir. Joule,* and was subsequently examined by MM. l)e la 
Rive, Wertheim, Marian, Matteucci, and Wartmann. It is this. At 
the moment when the current passes through the coil surrounding the 
electro-magnet, a clink is heard emanating from the body of the iron, 
and at the moment the current ceases a clink is also heard. In fact, 
the acts of magnetization and demagnetization so stir the atoms of tlie 
magnetized body that they, in their turn, can stir the air and send 
sonorous impulses to our auditory nerves. 

1 have said that the sounds occur at the moment of magnetization, 
and at the moment when magnetization ceases; hence, if I cun devise 
a means of making and breaking in <iuick succession the circuit 
through which the current flows, I can obtain an equally quick 
succession of sounds. I do tliis by means of a contact-breaker which 
belongs to a Rubrnkorfl'^s induction coil. Here is a mouochord, and 
a thin bar of iron stretches from one of its bridges to the other. This 
bar is placed in a glass tube, which is surrounded by copper wire. 1 
place the contact breaker in a distant room, so that you cannot hear 
its noise. The current is now active, and every individual in this large 
assembly hears something between a dry crackle and a musical sound 
issuing from the bar in consequence of its successive magnetization and 
demagnetization. 

Hitherto we have occupied ourselves with the iron which has been 
acted upon by the current. Let us now devote a moment’s time to the 
examination of ^lio current itself. Here is a naked copjicr wire which 
is quite inert, possessing no power to attract these iron filings. I send 
a voltaic current through it ; it immediately grapples with tlic filings, 
and holds tliem round it in a thick envelope. J interrupt the current, 
and the filings fall. Here is a compact coil of copper wire which is 
overspuii with cotton to prevent contact between the convolutions. 
At present the coil is inert ; but now I send a current throilgh it : a 
power of attraction is instantly developed, and you see that it is 
conq)etent to empty this plate of iron nails. 


♦ Thp sound, I find, was fiist noticed hy Mr. Page.— J. T., 10th June. 
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Thus we have magnetic action exhibited by a body which does not 
contain a particle of the so-called magnetic metals. The copper wire 
is made magnetic by the electric current Indeed, by means of a 
copper wire through which a current flows we may obtain all the 
effects of magnetism. I have here a long coil, so suspended as to be 
capable of free motion in a horizontal direction : it can move all round 
in a circle like an ordinary magnetic needle. At its ends I have 
placed two spirals of platinum wire which the current will raise to 
brilliant incandescence. They are glowing now, and the suspended 
coil behaves in all respects like a magnetic needle. Its two ends show 
opposite polarities : it can be attracted and repelled by a m.ignet, or 
by a current flowing through another coil ; and it is so sensitive that 
the action of the earth itself is capable of setting it north and south. 

There is an irresistible tendency to unify in the human mind ; and, 
in accordance with our mental constitution, we desire to reduce pheno- 
mena which are so much alike to a common cause. Hence the concep- 
tion of the celebrated Ampere that a magnet is simply an assemblage 
of electric currents. Round the atoms of a magnet Ampere supposed 
minute ^ditonts to circulate incessantly in parallel planes; round the 
atoms of common iron he also supposed them to circulate, but in all 
directions — thus neutralizing each other. The act of magnetization he 
supposed to consist in the tendering of the molecular currents parallel 
to a common plane, as they are supposed to be in a permanent magnet. 

This is the celebrated theory of molecular currents propounded by 
Ampere. You observe it consists in the application of conceptions 
obtained from sensible masses of matter to insensible or atomic masses. 
Let us follow out this conception to what would appear its legitimate 
consequences. I have said that we obtain both attractions and repul- 
sions from electric currents ; all these effects are deduced from one 
law, which is, that electric currents flowing in the same direction 
cUtract each other^ while^ when they flow in opposite directions^ they 
repel each other. Let me illustrate this law rapidly. Here are two 
flat coils suspended facing each other, and about eight inches apart. I 
send a current through both, causing it to flow through them in the 
same direction ; the coils instantly clash and cling together in virtue of 
their m\itual attraction. I now reverse the current through one of 

them, and they fly a yard asunder, in virtue of their mutual repulsion. 
And now one of them twists its suspending wire so as to turn its oppo- 
site face to the other coil ; the currents are now again in the same 
direction, and the coils clash and cling as in the first instance. Imagine, 

then, our molecular currents flowing round the atoms of this iron bar 
in planes perpendicular to the length of the bar. From the law just 
enunciated we should infer the mutual attraction of those currents ; 
and from this attraction we should be disposed to infer the shortening 
of the bar at the moment of magnetization. Here, for example, is a 
coil of copper wire suspended vertically ; the end of the coil dips into 
this little basin of mercury. From a small voltaic battery behind I 
send a current through the coil ; and, because it passes in the same 
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direction through all its convolutions, they attract each other. The 
coil is thereby shortened ; its end quits the mercury with a spark ; the 
current ceases ; the wire falls by its own gravity ; the current again 
passes, and the wire shortens as before. Thus you have this quick 
succession of brilliant* sparks produced by the shortening of the wire 
and the interruption of the current as it quits the mercury. 

Is it a fact, then, that an iron bar is shortened by the act of mag- 
netization? It is not. And here, as before, we enter into the labours 
of other men. 

Mr. Joule was the first to prove that the bar is lengthened. Mr. 
Joule rendered this lengthening \isiblc by means of a system of levers 
and a microscope, through which a single obser\er saw the action. The 
experiment has never, 1 believe, been made before a public audience; 
but the instrument referred tof at the commencement of this lecture 
will, I think, enable me to render this effect of magnetization visible 
to eyerybody present. 

Before you is an upright iron bar, two feet long, firmly screwed into 
a solid block of wood. Sliding on two upright brass pillars is a por- 
tion of the instrument which you see above the iron bar. I'he essential 
parts of this section of the apparatus are, first, a vertical rod of brass, 
which moves freely and accurately in a long brass collar. The lower end 
of the brass rod rests upon the upper flat surface of the iron bar. To 
the top of the brass rod is attached a point of steel ; and this point 
now presses against a plate of agate, near a pivot which forms the 
fulcrum of a lever. The distant end of the lever is connected, by a 
very fine wire, with an axis on which is fixed a small circular mirror. 
If the steel point be pushed up against the agate plate, tlw end of the 
lever is raised ; the axis is thereby caused to turn, and the mirror 
rotates. I now cast a, beam from an electric lamp ujx)n this mirror ; 
it is reflected in a luminous sheaf, fifteen or ssixtecii feet long, and 
it strikes our screen, there forming a ciicular patch of brilliant light. 
This beam is to be our index ; it will move as the mirror moves, only 
with twice its angular velocity ; and the motion of the patch of light 
will inform us of the lengthening and shortening of the iron bar. 

I employ one battery Mm ply to ignite the lamp. I have here a 
second battery to magnetize the iron bar. At present no current is 
passing. I make the circuit, and the bright image on the screen is 
suddenly displaced. It sinks a foot. 1 break the circuit : the bar 
instantly shrinks to its normal length, and the image returns to its first 
position. I make the experiment several times in succession : the 
result is alway.s the same. Always when I magnetize, the image 
instantly descends, which declares the lengthening of the bar ; always 
when I interrupt the current, the image immediately rises. A little 
warm water projected against the bar causes the image to idescend 


• Rendered brilliant by the introduction of a coil of wire and a core of soft 
iron info the circuit. 

t Very skilfiillv constructed by Mr. Becker. 



LIBRARY OF SCIENCL 527 

gradually. This, I believe, is the first time that this action of mag- 
netism has been seen by a public audience. 

I have employed the same apparatus in the examination of bismuth 
bars ; and, though considerable power has been applied, I have 
hitherto failed to produce any sensible effect. It was at least conceiv- 
able that complementary effects might be here exhibited, and a new 
antithesis thus establish^ between magnetism and diamagnetism. 

No explanation of this action has, to iny knowledge, been offered ; 
and I would now beg to propose one which seems to be sufficient. 1 
place this large Hat magnet upon the table ; over it I put a paper 
screen ; and on the screen I shake iron filings. You know the 
beautiful lines in which those filings arrange themselves -lines which 
have become classical from the use made of them in this Institu- 
tion ; for they have been guiding - threads for Faraday’s intelli- 
gence while exploring the most profound and intriciate phenomena 
of magnetism. These lines indicate the direction in which a small 
magnetic needle sets itself when placed on any of them. The needle 
will always be a tangent to the magnetic curve. A little rod of 
iron, frpeh* suspended, behaves exactly hke the needle, and sets its 
longest dimension in the direction of the magnetic curve. In fact, the 
particles of iron filings themselves are virtually so many little rods of 
iron, which, when they are released from the friction of the screen by 
tapping, set their longest dimensions along the lines of force. Now, 
in this bar magnet the lines of force run along the magnet itself^ and, 
were its particles capable of free motion, they also would set their 
longest dimensions parallel to the lines of force — that is to say, 
parallel to the length of the magnet. This, then, is the explanation 
which I would offer of the lengthening of the bar. The bar is com- 
posed of irregular crystalline granules ; and, when magnetized, these 
granules tend to set their longest dimensions parallel to the axis of the 
bar. They succeed, partially, and produce a microscopic lengthening 
of the bar, which, suitably magnified, has been rendered visible to 
you.* 

Perhaps you do not see the magnetic curves from your present 
position, but I will enable you to see them. I have here an electric 
lamp turned on its back, and from it a vertical cylinder of light now 
issues. Over the aperture of the lamp I place tw'o small bar magnets, 
enclosed between two plates of glass. The vertical beam is received 
upon a looking-glass which reflects it on to the screen. In the path of 
this reflected beam I place a lens, and thus obtain upon the screen a 
magnified image of the two small bar magnets. And now I sprinkle 
this fine iron sand on tlie plate of glass, and you see how it arranges 
itself under the operation of the magnets. A most beautiful display 


* My assistant, Mr. Barrett, has just drawn my attention to a paper by M. De 
la Rive in which this explanation is given. To him, therefore, belongs the entire 
credit of it. — J. T., June 16. 
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of the magnetic curves is now before you. And you observe, when I 
tap the glass, liow the particles attach themselves by their ends, 
and how the curves close in upon each other. They try to attach 
themselves thus and close thus up in the solid iron bar: the consequence 
is that the longitudinal expansion is exactly counterbalanced by the 
transverse contraction, so that the volume of the bar remains unchanged. 

But can we not bring a body with movable particles within an 
electro-magnetic coil? \Ve can ; and I will now, in conclusion, show 
you an experiment devised by Mr. Grove, which bears directly upon 
this question, but the sight of which, I believe, has hitherto been 
confined to Mr. Grove himself. At all events, I am not aware of its 
ever having been made before a large audience I have here a 
cylinder with glass ends, and it contains a muddy liquid. This 
muddiness is produced by the magnetic oxide of iron which is 
suspended mechanically in water. Hound the glass cylinder I have 
coiled five or six layers of covered copper wire ; and here is a battery 
from which a current can be sent through the coil. First of all, J place 
the glass cylinder in the path of the beam from our electric lamp, 
and, by means of a lens, cast a magnified image of the end of the 
cylinder on the screen. That image at present possesses but feeble 
illumination. The light is almost extinguished by the suspended 
jiarticles of magnetic oxide. But, if what J have stated regarding the 
lines of force through the bar of magnetized iron be correct, the 
particles of the oxide will suddenly set their longest dimensions 
parallel to the axis of the cylinder, and also in part set themselves end 
to end when tlie current is sent round them. More light will be thus 
enabled to pass ; and now you observe the effect. TW moment 1 
establish the circuit the disc upon the screen becomes luminous : I 
interrupt the current, and gloom supervenes ; I re-establish it, and we 
have a luminous disc o'nce more. 

The. apparatus, as I have stated, was really invented to examine 
whether any mechanical effect of this kind could be detected in dia- 
magnetic bodies ; but hitherto without result. And this leads me to 
remark on the large ratio which the failures of an original inquirer 
bear to his successes. I'he public see the success— the failure is 
known to the inquirer alone. The encouragement of his fellow-men, 
it is true, often cheers the investigator and strengthens his heart ; but 
his main trials occur when there is no one near lo clieer him, and 
when, if he works aright, he must work for duty and not for reputation. 
And this is the spirit in which work has been executed in this 
Institution, by a man who has, throughout his life, turned a deaf ear 
to such allurements as tliis age places williiri the reach of scientific 
renown ; and it behoves every friend of this Institution to join in the 
wish that that man\s spirit may continue to live within its walls, and 
that those who come after him may not shrink from his self-denial 
while endeavouring to merit a portion of his fame. 

[J.T.] 



Friday, January 20, 1865. 
lI.R.lL The Count of Paris, in the Chair. 
Professor Tyndali , F.R.>S. M.R.I. 

On Comhustion by Invisible Hays, 


We arc so accustomed to associate the word ray with the idea of light, 
that the term dark, or invisible, or obscure rays, stimulates the imagina- 
tion by its strangeness ; and such is more particularly the case when 
we are told that the major portion of the radiation of the sun itself is 
of this invisible character. This great discovery was aniuiunced sixty- 
five years ago by Sir William Herschel, J^ermitting a sun beam to 
pass througl a glass piisrii, he formed the coloured spectrum of the 
solar light; and, carrying a small thermometer ihroiigh its ^ariou^ 
colours, he determined tlicir heating power. He found ibis power to 
augment gradually from the violet to the red ; but he also found 
that the calorific action did not terminate where tlie ^ isible <.ppctrum 
ended. J'lacing liis iherniometer in the daik spji(‘e beyoi d the red, 
he proved the lieating power there to be griater than in any )'art of 
the visible spectrum. 

Sir AVilliam Tlerschcl concluded from his ex])eriments, that bosidCvS 
those ra}s which, acting separately upon the retina, produce the sensa- 
tion of colour, and the sum of which cori'^titutcs our oidinary sunshine, 
a vast outflow of perfectly invisible ra>s proceeds from the sun. and 
that, measured by their heating puw'cr, the streng»h or energy of these 
invisible rays is greater than tliat of all the viNible ra}'H taken together. 

This result w^as questioned by some and con tinned by others ; hnt, 
like every natural truth that can be brought to the test of experiment, 
the verity of Sir William Ilerschel’s announcement was soon completely 
established. Forty \ cars after the discovery of those invisible ravs 
by liis father, Sir Jolm ITenschel made them the subject of experiment. 
He made an arrangement which eiiabb'd him to estimate the heating 
power of the spectrum by its dryiny ])0\vor. etting by a w'a.sh of 
alcohol, paper blackened on one side, he cast his sjK'Ctrum on this 
paper, and observed the chasing away of the moisture In the heat of 
the rays. His drying paper prevsented to luma tlurnmjvaph of the 
spectrum and showed the heating power to extend far beyond the 
red. 

Ry the introduction of the thermo-electric pile. Melloni created a 
new epoch in researches on radiant heat. This instrument enables us 
to examine, with a precision unattainable with ordinaiy thermometers, 
the distribution of heat in the .sedar spectrum. IMelloni himself dc- 
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voted some time to this subject. He had made the discovery that 
various substances, in the higliest degree transparent to light, were 
eminently opaque to those invisible heat-rays. Pure water, for ex- 
ample, is a body of this kind. Only one substance did Mclloni find 
to be equally pervious to the visible and the invisible rays— namely, 
transparent rock-salt And though the researches of MM. De la 
Pro\ostaye and Desains, together with some extremely suggestive 
experiments executed by Mr. Balfour Stewart, show conclusively that 
Melloni erred in supposing rock-salt to be perfectly transparent, it 
must be admitted that, in this respect, the substance approaches very 
near perfection. 

Abandoning prisms of glass, which had been always employed 
previously, Melloni made use of a prism of rock-salt in his experi- 
ments on the solar spectrum. He was thus enabled to prove that the 
ultra-red rays discovered by Sir William Herschel formed an invisible 
spectrum, at least as long as the visible one. He also found the posi- 
tion of maximum radiant power to lie as far on one side the red as the 
green light of the spectrum on the other. 

Dr. FVanz, of Berlin, subsequently examined the distribution of 
heat in the solar spectrum, employing for this purpose a flint-glass prism. 
He showed that the inaction of the ultra-red ra}s upon the retina did 
not altogether arise from the absorption of those rays in the humours 
of the eye; at all events, he proved that a sensible portion of the invi- 
sible rays was transmitted across the eye-ball of an ox, -and reached the 
back of the eye. Professor IVIuller, of Freiberg, afterwards examined 
very fully the heat of the solar spectrum; and re[)resenting, as Sir 
William Herschel also had approximately done, by lin^ of various 
lengths the thermal intensity at various points, he drew a curve which 
expressed the calorific action of the entire spectrum. 

At various intervals during the last ten years the speaker had 
occupied himself with the invi^ible radiation of the electric light ; 
and to the distribution of heat in its spectrum he now directed 
attention. The instruments made use of were the electric lamp of 
Duboscq and the linear thermo-electric pile of Melloni. The spectrum 
was formed by means of lenses and j)risms of pure rock-salt. It was 
equal in width to the length of the row of elements forming the pile, 
and the latter being caused to pass through its various colours in suc- 
cession, and also to .search the space right and left of th(‘ visible spec- 
trum, the heat falling upon it, at every point of its maich, was deter- 
mined by the deflection of an extremely sensitive galvanometer. 

As in the case of the solar spectnim, the heat was found to augment 
from the violet to the red, while in ihe dark space beyond the red it 
rose to a maximum. The position of the maximum was about as dis- 
tant from the extreme red in the one direction, as the gredn of the 
spectrum iu the opposite one. 

The augmentation of temperature beyond the red in the aipectrum 
of the electric light is sudden and enormous. Representing the thermal 
intensities by lines of proportional lengths, and erecting these lines as 
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perpendiculars at the places to which they correspond, when we pass 
beyond the red these perpendiculars suddenly and greatly increase in 
length, reach a maximum, and then fall somewhat more suddenly on 
the opposite side of the maximum. When the ends of the perpendicu- 
lars are united, the curve beyond the red, representing the obscure 
radiation, rises in a steep and massive peak, which quite dwarfs by its 
magnitude the radiation of the luminous portion of the spectrum. 

Interposing suitable substances in the path of the beam, this peak 
may be in part cut away. Water, in certain thicknesses, does this very 
effectually. The vapour of water would do the same ; and this fact en- 
ables us to account for the ditlerence between the distribution of heat 
in the solar and in the electric spectrum. The comparativ e height and 
steepness of the ultra-red peak, in the case of the electric light, are 
much greater than in the case of the sun, as shown by the diagram of 
Professor Muller. No doubt the reason is, that the eminence corre- 
sponding to the position of maxiniiini heat in the solar sjiectrum has 
been cut down by the aciueous vapour of our atmosphere. Could a 
solar spectrum be produced beyond the limits of the atmosphere, it 
would show as steep a mountain of invisible rays as that ex- 

hibited by the electric light, which is practically unintluonced by atmo- 
spheric absorption. 

Having thus demonstrated that a powerful tlux of dark rays accom- 
panies the bright ones of the electric light, the question arises, Can 
we not detacli the former and experiment on them alone ? ’’ 

One way of doing this wmuld be to cut off the luminous portion of 
the decomjnrsfd beam by an opaque screen, allow^ing the non-luniinous 
portion to pass by its edge. We might then operate at pleasure upon the 
latter : — retlect it, refract it, concentrate it. This, in fact, was done by 
Sir William llersehol, but a (juantity of heat could not thus be obtained 
sufticient to produce the results intended to be exhibited before the 
concliusion of the discourse. Another plan consists in permitting the 
total radiation to pass through some substant‘e transparent to the heat 
rays, but opaque to the light rays. Melluni discovered that lampblack, 
and alst) a kind of black glass, while perfectly opaque to light, trans- 
mitted a considerable quantity of radiant heat. In the “ Lectures 
on Heat,^* given at the Koyal Institution in 1862, and since made 
public, experiments with these bodies are described. It was while 
conversing with his friend Mr. Warren De la Rue, in the autumn of 
1861, on the possibility of sifting, by absorbents, the light of a beam 
from its heat, that the speaker first learned that carbon was the 
substance which rendered IMelloni’s glass opaque. This fact was 
of peculiar interest to him, for it and others seemed to extend to solid 
bodies a law which he had detected two years previously in his ex))eri- 
ments on gases and vapours, and which show'ed that elementary gases 
were highly transparent, while conipotoul gu.'Cs were all more or less 
oi)aque — many of them, indeed, almost |K*rfectly opaque— to invisible 
radiant heat. 

In the speaker's first experiments on the invisible radiation of 
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the electric light, black glass was the substance made use of. Tiie 
specimens, however, which he was able to obtain destroyed, along with 
the visible, a considerable portion of the invisible radiation.* But the 
discovery of the deportment of eleineiitary gases directed his attention 
to other simple substances, lie examined sulphur dissolved in bisul- 
phide of carbon, and found it almost perfectly transparent to the invi- 
sible rays. He also examined the element bromine, and found that 
notwithstanding its dark colour, it was eminently transparent to Uie 
ultra-red rays. Layers of this substance, for example, which entirely 
cut off all the light of a brilliant gas tiame, transmitted its invisible 
radiant heat with freedom. Finally, he tried a solution of ioditie in 
bisulphide of carbon, and arrived at the extraordinary result, tiiat a 
quantity of dissoU ed iodine sufficiently opaque to cut otf the light of 
the mid-day sun was, within the limits of experiment, absolutely trans- 
parent to invisible radiant heat. 

This then is the substance by which the invisible rays of the elec- 
tric light may be almost perfectly detaclied from the visible ones. 
Concentrating by a small glass mirror, silvered in front, the rays 
emitted by the carbon points of the electric lamp, we obtain a conver- 
gent cone of light. Interposing in the path of this concentrated beam 
a cell containing the opaque solution of iodine, the light of the cone is 
utterly destroyed, while its invisible rays are scarcely, if at all, meddled 
with. These converge to a focus, at which, though nothing ciui ho 
seen even in the darkest room, the following series of effects may be 
produced : — 

When a piece of black paper is placed in the focus, it is pierced by 
the invisible rays, as if o white-hot spear had been sutWenly driven 
through it. The paper instantly blazes, without apparent contact witli 
anything hot. 

A piece of brown 'paper placed at the focus soon shows a red-hot, 
burning surface, extending over a considerable space of the paper, 
which finally bursts into dame. 

The wood of a hat-box similarly placed, is nqudly burnt through. 
A i)ile of wood and shavings, on whicli the focus falls, is quickly 
ignited, and thus a fire may be set burning by the invisible rays. 

A cigar or a pipe is immediately lighted when placed at the focus of 
invisible rays. 

Disks of charred paper placed at the focus are raised to brilliant 
incandescence ; charcoal is also ignited there, 

A piece of charcoal, suspended in a glass receiver full of oxygen, 
is set on fire at the focus, burning with the splendour exhibited by this 
substance in an atmosphere of oxygen. The invisible rays, though they 
have passed through the receiver, still retain sufficient power to render 
tlie charcoal within it red-hot. 


The ^la.ss in tliitt la>ers had a grtcoish hue : 1 have since found black glass 
far more diutlieruiic. — J. T, 
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A mixture of oxygen and hydrogen is exploded in the dark focus, 
through the ignition of its envelope. 

A strip of blackened zinc-foil placed at the focus is pierced and in- 
flamed by the invisible rays. By gradually drawing the strip through 
the focus, it may be kept blazing with its characteristic purple light for 
a considerable time. This experiment is particularly beautiful. 

Magnesium wire, presented suitably to the focus, bums with almost 
intolerable brilliancy. 

The eflects thus far described are, in part, due to chemical action. 
The substances jdaced at the dark focus are oxidizable ones, which, 
when hrated sufficiently, are attacked by tluj atmospheric oxygen, ordi- 
nary combustion being the result. But the experiments may be freed 
from this impurity. A thin plate of charcoal, placed in vactiOy is 
raised to incandescence at the focus of invisible rays. Chemical action 
is here entirely excluded. A thin plate of silver or copper, with its 
surface slightly tarnished by the sulphide of the metal, so as to dimi- 
nish its reflective power, is raised to incandescence either i/i vacuo or 
in air. With sufficient battery-power and proper concentration, a plate 
of platinized .platinum is rendered white-hot at the focus of invisible 
rays ; and when the incandescent platinum is looked at through a prism, 
its light yields a complete and brilliant spectrum. In all these cases 
we have, in the first place, a perfectly invisible image of the coal ))oinU 
formed by the mirror ; and no experiment hitherto made illustrates the 
identity of light and heat more forcibly than this one. When the 
plate of metal or of charcoal is placed at the focus, the iinisible image 
raises it to incandescence, and thus prints itself \isil)l^ upon the plate. 
On drawing tlie coal imints apart, or on causing them to approach each 
other, the thermograph of the points follows their motion. By cutting 
the [date of carbon along the b(mndary of the thermograph, we might 
obtain a second ])air of coal points, of the same shape as the original 
ones, but turned upside down ; and thus by tlie rays of the one pair of 
coal points, which are incompetent to excite vision, we ma\ cause a 
second pair to emit all the rays of the .spectrum. 

The ultra-red radiation of the electric light is known to consist of 
ethereal nndiilalions of greater length, and slower periods of recur- 
rence, than those which excite vision. When, therefore, tho^e long 
waves impinge upon a plate of platinum, and raise it to incandescence, 
their period of vibration is changed. The waves emitted by the pla- 
tinum are shorter and of more rapid recurrence, than those falling upon 
it ; the refrangibility being thereby raised, and the invisible rays ren- 
dered visible. Thirteen years ago. Professor Stokes proved that by the 
agency of sulphate of quinine, and various other substances, the ultra- 
violet rays of the spectrum could be rendered visible. These invisible 
rays of high refrangibility, impinging upon a proper medium, cause 
the molecules of that medium to oscillate in slower periods than 
those of the incident waves. In this case, therefore, the invisible rays 
are rendered visible by tlie lowering of their refrangibility ; wliile in 
the experiments of tlie speaker, the ultra-red rays are rendered visible 
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by the raising of their refrangibility. To the phenomena brought to 
light by Professor Stokes, the term fluorescence has been applied by 
their discoverer, and to the plienomena brought forward this evening 
at the Royal Institution, it was proposed to apply the term calorescence. 
It was the discovery, more than three years ago, of a substance 
opaque to light, and almost perfectly transparent to radiant heat — a 
substance which cut the visible spectrum of the electric light sharply 
off at the extremity of the red, and left the ultra-red radiation almost 
untouched, that led the speaker to the foregoing result-^. 1 hey lay 
directly in the path of his investigation ; and it was only the diver- 
sion of his attention to subjects of more immediate interest that pre- 
vented him from reaching, much earlier, the point which he has now 
attained. On this, however, he can found no claim ; and the idea 
of rendering ultra-red rays visible, though arrived at independently, 
does not by right belong to him. I'he right to a scientific idea or 
discovery is secured by the act of publication ; and, in virtue of 
such an act, priority of conception as regards the conversion oi 
heat-rays into light-rays belongs indisputably to Dr. Akin. At the 
meeting of the British Association, a<!sembled at Newcastle in 1863, 
he proposed three experiments by which he intended to solve this 
question. lie afterwards became associated with an accomplislied man 
of science, Mr. Griffith of Oxford, and jointly with him pursued the 
inquiry. Two out of the three experiments projiosed at Newcastle by 
Dr. Akin are impracticable. In the third, Dr. Akin proposed to 
converge the rays of the sun by a concave mirror, to cut off the 
light by ‘ proper absorbents,’ and to bring platinum foil into the focus 
of invisible rays It is quite possible, that, had he possesJSed the instni- 
raental means at the speaker’s disposal, or had he been sustained as the 
speaker had been botji by the Royal Society and the Royal Institution, 
Dr. Akin might have been the first to effect the conversion of the dark 
heat-rays into luminous ones. For many years the idea of forming 
an intense focus of invisible rays bad been perfectly clear before 
the speaker’s mind ; and in 1862 he published ex[>erimeuts upon 
the subject. The effects observed by him in 1862 at the focus 
of invisible rays were such as no previous experimenter had 
witnessed, and no experimenter could have observid them without 
being driven to the results which formed the subject of the evening’s 
di-conrse. Still publication is the sole test of scientific priority ; and it 
cannot be denied that Dr. Akin was the first to propose definitely to 
change the refrangibility of the ultra-red rays of the spectrum, by 
causing them to raise platinum foil to incandescence. 

[J. T.] 



Friday, Fobruary 3, 1805. 

Sir HiuNky IIot.i.and, liart. IM.D. DX'.L. F.R.S. Vice-Frosident, 

in tin* Chair. 

William Odling, M.B. F.K.S. 

O// Aluminium J^thide and Methide, 

The symbols by which the atomic proportions of a few of the prin- 
cipal metallic elements are usually represented, together with the 
relativcAveights of these several proportions, are shown in the following 
table : — 


Lithium 

Li 

7 

^Fagnesium 

Mg 

2t 

Zinc 

Zn 

bo 

Arsenic 

As 

7t> 

Sih er 

Ag 

lOS 

Tin 

Sn 

118 

Mercury 

Hg 

200 

Lead 

Fb 

207 

Lismnth 

Li 

210 


Tt is observable that the atomic proport iotis of the metals range 
from 7 parts of lithium, through lOS parts of silver up to 210 jiarts 
of bismuth, ^’ow it is found that all these ditferent proportions have 
substantially the same specific heat, so that 7 juirts of lithium, 108 
parts of silver, and 210 parts of biMiiuth, for instance, absorb or evolve 
the same amount of heat in undergoing equal increments or decre- 
ments of temperature. Hence, taking silver as a convenient standard 
of comparison, the atomic ))roportion of any other metal may be 
defined to be, that quantity of the metal which has the same specific 
heat as 108 parts of silver. 

Many of the metals unite wdlh the halogen radicles chlorine and 
bromine, as also with the organic radicles cthvl and methyl, to 
form volatile compounds, vv hich may be conveniently compared with 
the chloride and ethide of hydrogen. Now, it is found that the 
several proportions of metal or hydrogen contained in equal volumes 
of these gaseous chlorides or etliidi^, are thtir respective atomic pro- 
portions ; so that equal volumes of chloride or ethide of hydrogen, 
zinc, arsenic, tin, inercuiy, lead, and bismuth, for instance, contain 
1, ()3, 73, 1 18, LOO, 207, and 210 parts of hydrogen or metal respec- 
tively, Hence, the molecnle of chloride of hydrogen, HCl, being 
conventionally regarded as constituting two volumes, the atomic pro- 
portion of a metal may be defined to be that quantity of the metal 



LIBRARY OF SCIENCE 


536 

which is contained in two volumes of its gaseous chloride, or bromide, 
or ethide, or niethide, &c. 

These two definitions having reference respectively to the specific 
heats of the metals, and the molecular volumes of their gaseous com- 
pounds, lead in all cases to the same conclusion. Thus, 200 parts of 
mercury is the quantity of mercury whicli has the same specific heat as 
108 parts of silver, and is also the quantity of mercury contained in 
two volumes of mercuric chloride, mercuric ethide, «&c. 

The atomic proportions of the different metals unite with 1, 2, 3, 
4, &c. atoms of chlorine and ethyl, to form the two-volume molecules 
of their respective chlorides and ethidcs, as shown below : — 


•J VoU 

2 Vcli 

2 Vola. 

ifci 

Il'Et 


iigCh 

llgEt, 

ZliEta 

Hi Cl, 

Hi Et, 

AsEtg 

Sn CI4 

Sn Et, 

PbEt, 


Or, two volumes of the gaseous chlorides of h}drogen, mercury, 
bismutli, and tin, for instance, are found to contain respectively 
3o*o parts, twice 3.Vd parts, three times 35’o parts, and four times 
3d*5 parts of chhtrine. 

Aluminium, which is one of the three most abundant constituents 
of the earth’s crust, and the most abundant of all its metallic consti- 
tuents, enters into the composition of a large number of native 
minerals of great value in the fine and useful arts, and also forms 
extremely well-defined artificial compounds, possessing ^ high degree 
of chemical interest. Nevertheless chemists are not at all agreed as 
to the atomic weight which should be accorded to the metal, or as 
to the molecular f(»rTuula* of its priricipal compounds. 

The quantity of aliiniiniiirn which has the siimc specific heat as 
108 parts of silver, is found to be 27*5 parts ; and analysis shows that 
this quantity of aluminiiiTn combines with three times 35*5 parts of 
chlorine to form chloride of aluininiiini. Accordingly the atomic 
proportion of aluminium should be fixed at 27*5 parts; its cbloride be 
formulated as a trichloride thus, AKMj ; and its other comjiounds be 
represented by corresponding expressions, as shown in the left-hand 
column of the following table, instead of by the heretofore used more 
complex expressions shown in the right-hand column : — 


A1 27 S 


A1 I'US 

'aicp 

Cliloride 

aT^ci, 

Na AlCl, 

Soilio-Chloridc 

Na Al,jCI, 

Na,A.lF, 

Cryolite 


Na.Ain, 

Aluminate 

Na^AlgOj 

FI AlO. 

1 )iaspore 

ir Ai/), 

K A IS/), 

Alum 

K A IjS^jOa 

K AISi,0, 

Feldspar 

K AlaSi,()a 

I' AlO. 

Phosphate 

P AlaO, 
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But the quantity of aluminiuiTi contained in two volumes of its 
gaseous chloride was found by Deville to be 55 parts, instead of 
27-5 parts, while the quantity of chlorine was found to be six times 
S5'5 parts, instead of three times 3o*.5 parts. Hence, relying ex- 
clusively upon molecular volume, the atomic weight of aluminium 
would be 55, and the formula of chloride of aluminium AllClg. This 
conclusion, however, is inadmissible for several reasons, and chiefly 
because it would make the atomic proportion of aluminium possess a 
specific heat twice as great as that belonging to the atomic proportion 
of any other metal. 

To evade this difficulty some chemists have proposed to accord to 
the molecule of aluminic chloride the formula AlaCIo, whereby an indi- 
visible proportion of metal would be habitually represented by a divi- 
sible symbol ; for it is agreed on all hands that the proportion of 
aluminium contained in the molecule of aluminic chloride is the 
smallest proportion of aluniiniurn found in any aluminic compound 
whatsoever ; that it is incapable of experimental division by any pro- 
cess whatsoever ; and conscrjueiitly that, so far as our present know- 
ledge goQ‘5'/ij an indivisible or atomic proportion. 

Now there are undoubtedly certain bodies, elementary and com- 
pound, of which the ascertained vapour densities, and consequent 
volumes, no matter how accounted fur, arc, as a mere matter of 
experiment, discordant with the chemical analogi(‘s of the resj^ective 
bodies; but in most instances these anomalous results are rendered 
unimportant by other determinations of lapoiir density, either of the 
same bodies raised to higher temperatures, or of associated bodies 
Inning a more decided volatility. Hence arises the question whether 
the ascertained volume of aluminic chloride, which is discordant with 
the specific heat of aluminium, may not be anomalous in a similar 
manner, and whether the anomaly may not be corrected by an examin- 
ation of other more volatile aluminic c()inj)ouijds. 

'^riic methide and ethidc of aluminium recently obtiiiued by 
Mr. Buckton and the speaker are, so to s]:>eak, varieties of aluminic 
chloride in which the chlorine has been replaced by methyl and ethyl, 
and are at the same time far more volatile and manageable than 
the typical chloride. Now, it has be^n found that two gaseous volumes 
of the methide and ethide of aluminium contain only ‘J7*5 parts of 
aluminium, united with three atomic proportions of methyl and ethyl; 
and accordingly their molecules have to be expressed by the fornuil® 
AlMea and AlBts respectively. In other words, tlie normal results 
obtained with the methide and ethide correct the anomalous result 
obtained with the chloride, atid confirm the atomic weight and 
molecular formulae dcducible from the specific heat of aluminium. 

That the ascertained vapour density of aluminic chloride is really 
anomalous receives a further corroboration in the behaviour of 
aluminic methide itself. At 220®, and all superior temperatures, the 
vapour density of this compound shows that two volumes of its 
vaj[)our contain 27*5 parts of aluiuiuium and three timea 15 parts of 
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methyl ; but at 130®, its vapour density, corrected for alteration of 
temperature, becomes very nearly doubled, or, in other words, two 
volumes of its vapour contain very nearly o5 parts of aluminium and 
six times 15 parts of niolh}l. According, however, to the well-known 
rule, based on the separate researches of Cahours and Dcville, the mole- 
cular formula of a body must be calculated from its permanent or 
ultimate, and not from its variable or initial vapour dcnssity, whence 
the high vapour density of aluminiuin methide at 130” does not at all 
interfere with our attributing to its molecule the formula AlMe^, 
deducible from its vapour density at 220^ and iij)wards, and har- 
monizing with the specific heat of metallic aluminium. 

Aluminium ethide and methide occur as colourless li(juids. The 
ethide boils at 194®, and doe*^ not freeze at — 18’. I'he methide 
boils at 130^, and solidifies at a little above 0^ into a beautiful 
crystalline mass. Both liquids take lire on e\i)osiire to air, and 
explode violently by contact with water. The) are produced from 
mercuric ethide and methide respectively, by heating tliese compounds 
for some hours in a water-bath, with excess of jiliuninium clippings. 
This process was obviously suggested b) Frankland and Duppa’s 
new reaction for making /ine elbide, methide, ain^lide, tVe. 

Ala + 3 llgEta = ITg* + 2 AlElj. 

[W.O.] 



Friday, April 7, 1865. 

II.R.II. The Prince of Wales, Vice-Patron, in the Chair. 

Dr. a. AV. Hofmann, F.R.S. 

On the Combining Power of Atoms, 

Your Royal Highness, Ladies and Gentlemen, 

You observe on the lecture-table a great number of bottles, 
containing an almost perplexing variety of chemical substances; the 
walls of the theatre are covered with diagrams exhibiting an endless 
number of formulae, which some of my audience, I have no doubt, are 
contemplating with mixed feelings of uneasiness and resignation. Nor 
will it diminish your discomfort if I tell you that each of the substances 
on the table represents at least a thousand bodies actually known, and 
again that each of the known bodies represents a million or more bodies 
which are not known, but which exist well defined in the mind of the 
chemist who calls them into life whenever he requires them for pur- 
poses theoretical or practical. At the first glance, I admit this is 
rather a formidable array ; but our anxiety is materially lessened, if 
we learn that this host of substances is formed according to simple 
laws which it is in our power to discover, and which by the united 
ejSbrts of chemists are gradually unfolding themselves. 

May I be permitted this evening to call your attention to some of 
the laws, or at all events law-like regularities, recently observed, and 
which are at present engrossing the interest of the leading chemists of 
all countries, 

I would commence with one of the simplest of experiments : — Here 
are two gases, hydrogen and chlorine,’ the one a colourless inodorous 
gas, which burns quietly with a pale flame, uie other a greenish yellow 
gas, possessing a suffocating odour, and not inflammable. When equal 
volumes of these two gases are mixed together, and a light applied to 
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the mixture, an explosion takes place, a compound gas being produced, 
which fumes in the air, and wliich, when dissolved in water, constitutes 
tlie spirit of salt, or muriatic acid of the earlier chemists, now called 
hydrochloric acid. 

By certain processes, which we must not inquire into at the present 
time, the compound of hydrogen and chlorine, called hydrochloric acid, 
may be made to unite witli another gas, oxygen ; the combination 
giving rise to the formation of an acid called hypochlorous arid^ and 
by which most of the bleaching operations carried out in commerce 
are effected. On plunging an aj)proj)riately-j)repared piece of Turkey- 
red calico into a warm solution of chloride of lime, which is closely 
related to hypochlorous acid, you observe that a white pattern is 
produced on the cloth. 

Again, an additional quantity of oxygen may be united to hypo- 
chlorous acid, when the compound called chlorous acid is formed. A 
well-known salt of coinmtTce, chlorate of potassium, is generally used 
for its preparation. This salt is readily decomposed by acids. The 
explosive violence with which sulphuric acid acts upon it, the deto- 
nation attended by Hashes of light, are phenomena early and frequently 
observed by the laboratory student. By substituting nitric for sul- 
j)huric acid, an explosive gas is formed, which, when dissohed in 
water, constitutes the chlorous acid in question. 

A third compound, chloric acid., may be formed by tlie addition of 
a further dose of oxygen to chlorous acid. I'hc most familiar salt of 
this acid ivS the chlorate of j)otassium just mentioned. 'I'his, as well as 
other derivativ'CvS of chloric acid, is largely used for p\roteehnie ]mr- 
poses. Here w'c must be satisfied with calling attcntiuii,to a sj)ecies 
of white gunpowder which has been lately devised, and which consists 
of a mixture of the potassium salt with tannic or gallic acid. 

Lastly, by still fuHlier increasing the snpplv of o\}gen, a fourth 
com| 70 un(l, perchloric avid^ is produced. This suhstaiiec again exhibits 
the explosive habitudes of the group of bodies in question. When 
made to combine with aniline, for instance, perclilorie acid gives rise 
to a compound which goes oft' when heated in a test-tube, burning, as 
you observe, with an intense wiiite light. 

A glance at the diagram shows us the rrgularity with which the 
amount of oxygen increases in this series of oxygeiu'tted derivatives of 
hydrochloric acid. There is nothing arbitrary in this accession ; 
each increment ensues step by step. 


Increment of Orjfyen. 


Hydrochloric acid . 
Hy|K)chlorous acid . 
Chlorous Acid . . 

Chloric Acid . . . 

Perchloric Acid . , 


IKl 

nci + 0 = IIC1() 
HCl + 20 = IICIO, 
Hci + 3 0 == mco, 
UCl -h 40 = ITICO, 
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Looking at the simplest body at the head of the list, we find it to 
be a compound of one atom of hydrogen with one atom of chlorine. 
By uniting this compound with one atom of oxygen, we obtain 
hypochlorous acid ; by adding another, we produce clilorous acid ; 
the accession of a third atom gives rise to chloric acid ; and a fourth 
atom of oxygen, lastly, produces perchloric acid. 

The same gradual rise in the successive additions of oxygen may 
be traced in numerous other groups of bodies. For the present we 
will confine our attention to two more series. 

Under the name of olefiant gas^ a transparent colourless gas, 
burning, as you observe, with a brilliantly luminous flame, is known, 
which consists of carbon and hydrogen. By a circuitous process, 
wiiich must not detain us, this gas may he converted into a peculiar, 
very volatile liquid of a pungent odour, which chemists have called 
aldehyde. This substance, which is more readily procured by sub- 
mitting alcohol to the action of oxidizing agents, may be looked 
upon as a compound of olefiant gas with oxygen. Aldehyde is marked 
by its powerful attraction for oxygen ; so greedily, indeed, does it absorb 
this gas, Hw't it is almost impossible to preserve aldehyde except 
in hermetically-closed vessels. !Nor does aldehyde unite only with 
oxygen when it meets with it in the free state ; combined oxygen is 
equally attracted by it. When gently heated with oxide of silver, dis- 
solved in a suitable liquid, aldehyde very rapidly removes the oxygen 
from the oxide, metallic silver in a lustrous condition being deposited 
on the surface of the vessel in which the operation is performed. This 
reaction, first observed by Baron Liebig many years ago, has recently 
been iiKxlified so as to admit of industrial application on a large scale 
for the manufacture of looking-glasses and reflectors for astronomical 
instruments. When aldehyde is thus oxidized, it is converted into a 
compound called acetic acid, well known to everyone as the principal 
constituent of common vinegar. 

Again, acetic acid may be made to unite with an addition’ quantity 
of oxygen to produce a comjmund called glyroHc acid, au acid which 
has been discovered during the last few years, hut which has not at 
present received any useful applications. 

On referring to the following diagram we perceive the simple 
relation existing between these four bodies : — 


Tncremenf of fheygen. 


Olefiant gas 
Ahh‘hydc 
Acetic acid . 
Glycolic acid 


C II 

C* IT, + 0 = C, IT, O 

C, II, + 20 = 0* II4 O, 

i), IT* -h 1 O = C. IT* O. 


We observe here exactly as in the previous series the gradual 
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assimilation of oxygen. Olefiant gas by absorbing one atom of oxygen 
produces aldehyde ; by absorbing a second atom it gives rise to the 
formation of acetic acid ; by a third annexation of a similar quantity 
of oxygen, lastly, glycolic acid is formed. 

May I be permitted to quote an additional instance. In the oil 
obtained from the seeds of tlie croton tiglium chemists have discovered 
a peculiar acid, crotonic acid, which has been lately observed also 
among the derivatives of mustard. 

This substance, consisting of carbon, hydrogen, and oxygen, is 
convertible by oxidation into another acid, succinic acid, a beautiful 
crystalline body, which is more frequently obtained by submitting the 
familiar resin amber to the action of oxidizing agents. 

Succinic acid, when combined with an additional atom of oxygen, 
gives rise to the formation of malic acid, a crystalline acid largely 
present in the juice of apples and rhubarb, the substance indeed to 
which the acid reaction of these juices is chiefly due. On cutting an 
apple or a piece of rhubarb, and pressing the cut surface against a piece 
of blue litmus paper, it is immediately reddened. 

But malic acid also may be still further oxidized, the product 
being one of the most familiar vegetal acids, tartaric acid. This acid 
is one of the compounds existing largely in the juice of grapes. When 
a grape is squeezed on a piece of blue litmus paper, the latter is red- 
dened wherever it comes in contact with the grape juice. 

The molecules of all these acids contain the same number of carbon 
atoms and also the same number of hydrogen atoms, the difference in 
their composition consisting entirely in the number of oxygen atoms 
which are present, as obvious by reference to the diagram. 


Increment of Oxygon, 


Crotonic acid 
IUnknown 
Succinic acid 
sialic acid . 
Tartaric acid 


0, II. i\ 

C* II. O. + 0 = C\ IT. O 3 

C, H. O. -f 2 0 = C 4 II. O. 
C. H. 0. + 3 0 = C, IT. O, 
C. H. 0, f 4 0 = C. H. 0. 


In this diagram an unknown acid C* 11. 0. figures between crotonic 
and succinic acids. This substance has not yet been obtained, but the 
experience of the gradual assimilation of oxygen in other serici permits 
us to forecast the existence of this compound. Though not yet actually 
prepared, 1 have not hesitated to introduce it into the list of bodies 
derived from crotonic acid by simple oxidation. 

The three examples which we have studied unmistakably show 
that oxNgen is capable of combining with other groups of elements 
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so as to ^ive rise to new compounds : that this combination takes place 
stepwise, atom by atom : that the fundamental properties of the original 
compound remain more or less unaltered in the new compound of 
greater complexity, and that the amount of oxygen thus, so to say, 
assimilated, is in no way dependent on the greater or less complexity 
of composition of the original compound. In the first case we had 
the simplest of all possible compounds, hydrochloric acid consisting 
of one atom of hydrogen and one of chlorine ; in the second case we 
started with a compound containing two atoms of Ciirbon and four of 
hydrogen, altogether six atoms, while in the case of crotonic acid not 
less tlian four atoms of carbon, six of hydrogen, and two of oxj^gen, 
altogether twelve atoms, were involved. 

An endless variety of similar examples might be quoted for the 
purpose of illustrating the generality of the inferences we have drawn, 
but I will, with your permission, assume that I have established my 
point. 


AVe h^ve in the next place to examine whether substances are 
capable of coiiibining with nitrogen, exactly as we have just seen them 
unite with oxygen, llemembering as we do that nitrogen is rather 
marked by tlie absence of salient combining powers, we are not 
surprised to learn that all attempts hitherto made with the view of 
adding nitrogen directly to other bodies have entirely failed. But 
even indirectly by availing ourselves of roundabout ways, by calling to 
our aid the multitude of reactions which modern chemistry has brought 
to light, nitrogen cannot be added to other substances without intro- 
ducing at the same time other elements into the composition of the 
compound. Let us endeaxour to illustrate this point by examples: 
we could not perhaps quote a better case than that of benzol, the 
substance which is the starting point of the manufacture of aniline, the 
source of the beautiful colours so much in request at the present time. 
Benzol consists of carbon and hydrogen. No one has, as yet, succeeded 
in uniting this substance with nitrogen alone. Nothing on the other 
hand is easier than to combine benzol simultaneously with nitrogen 
and hydrogen. 'J'lie very transition of benzol into aniline involves the 
assimilation by the benzol molecule of one atom of nitrogen and one 
atom of hydrogen. Again, aniline is capable of fixing a second atom of 
nitrogen, but not without assimilating also a second atom of hydrogen. 
The compound thus produced is a beautiful crystalline body called 
phenylenc-diamine, which is likely to receive some interesting appli- 
cations in the manufacture of brown dyes. To this compound again 
additional atoms of nitrogen and hydrogen may be joined, a fourth 
substance, as yet without application, picryl-tri amine, being formed. 
The following diagram, in which again the ylmpl^st compound (benzol) 
is placed at the top of the list, shows how these several substances are 
related to each otlicr. 
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Increment of Nitrogen, 

Benzol . . . . C« Hg 

Aniline . . . . Ca Ha + II N = Ca IT 7 N 

rheiiylene-diaraine. Ca + 2 II N = Cg Hb Ng 

Picryl-triamiue . . Cg II« -j- 3 II N = Ca Hp Na 


Let me give you another and even simpler series in illustration of 
the same point. Hydride of ethyl, like benzol, refuses to combine with 
nitrogen, but it also receives into its molecule one atom of nitrogen 
and one atom of hydrogen, the well-known substance ethylamine^ 
which has the greatest analogy with ammonia, being formed. This, by 
a repetition of the same transaction, is converted into ethylene-diamine ^ 
an oily base of great causticity ; while a third repetition of the process 
produces a conii)ound, innyl-tiiamlne^ the existence of which is not 
yet fully established. The analogy between the first and the second 
series is obvious by a comparison of the fonnulte. 


Increment of Nitrogen, 

Hydride of eth)l . Cg 11* 

Ethylamine . . . C* H* + II N = C* H; N 

Ethylene-diamine . Cg 11* 4* 2 II N := (y’a Hb Ng 

Vinyltriamine . • Cg Hg + 3 li N = C* H, N# 


AYe entirely refrain from examining into the paiticular proci'sses, 
varying to a very considerable extent, by which these transformations 
are accomplished, the only point, which we have an interest in establish- 
ing here, being that nitrogen, when it joins a compound, joins not aIoiH% 
but in company with hydrogen. In this respect then nitrogen Cvsscn- 
tially differs from oxygen, which w'C saw combining with bodies, atom 
by atom, without involving the introduction of other materials. 

Can we explain this strange difference in the behaviour of oxygon 
and nitrogen ? Before endeavouring to answer this question, let us 
examine in what manner carbon aUuris are received into the molecules 
of bodies, whether like oxygen atoms they are capable of joining 
directly, or like nitrogen atoms they are accepted only when presenting 
themselves in company with other atoms. Investigation of a special 
case appears best fitted to supply the desired information. 

Among the endless number of carbon compounds, we oould not 
possibly select a simpler one than marsh-gas. This tninsparent 
colourless inflammable gas, as everyone knows, escapes fi*oni the 
fissures of the great coal measures and accumulates in the gal- 
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leries of ill-ventilated coal mines, frequently giving rise to the 
explosions so much dreaded and deplored. It is also often deve- 
loped from stagnant pools and swamps, in general from marshy lands, 
whence its name. Marsh-gas consists of carbon and hydrogen. Is 
this substance convertible into a compound which contains a larger 
amount of carbon ? By a series of processes far too numerous and 
complicated to admit of being discussed this evening, marsh-gas may 
be converted into hydride of eihyly a substance of very similar 
properties, and which the members of the Royal Institution have 
frequently seen prepared by a simpler method discovered by Dr. 
Fraiikland, viz. : the action of zinc-ethyl upon water. Hydride of 
etliyl contains one atom of carbon more than inarsh-gas, but with this 
carbon atom, two hydrogen atoms have been simultaneously conferred 
upon the marsh-gas molecule. On submitting hydride of ethyl to a 
similar series of transformations we convert it by the addition of 
another carbon atom into hydride of propyly but not without fixing 
again tw’o atoms of hydrogen. 

The same processes may be repeated again and again, hydride of 
propyl bein,<T converted in its turn into hydride ofbutyly and hydride 
of butyl inio hydi ide of amyl. We arrive in this manner at a series 
of bodies very similar in their properties, eacli of them differing from 
tlie previous one by the accession of one carbon atom invariably linked 
with two atoms of hydrogen. Many members of this series are found 
amongst the products of the distillation of coal ; others, especially those 
riclier in carbon, existing in the Ameriean oils, vvliich are now being so 
much used for lighting and other purposes, 

I'lie composition of those several bodies may be exhibited in the 
following diagram : — 


Increment of Carbon. 


Hydro-carbons. 


Marsh-gas . . . 

Hydride of ethyl . 
Hydride of propyl 
Hydride of butyl . 
Hydride of amyl . 
Hydride of caproyl 
Hydride of tcnanthyl 
Hydride of capryl 


CIT, 

CII, + CH, = CJI, 
CH, + 2 ClI, = CJIs 
CH, -f 3 CII* = C,H,o 
CH* -I- 4 CH, = C,H,, 
CII* + o CH, = 

CH4 + 6 cTi, = cyi,e 

CH, + 7 Clli = CbH,8 


But we may illustrate the law which regulates the increment of 
carbon by starting from another foundation. Instead of building on 
inarsli-gas, we make use of the oxide of marsh-gas, methylic alcohol. 
This compound by the successive addition of one atom of carbon and 
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two of hydrogen, produces a series of alcohols which may be regarded 
as the oxides of the corresponding marsh-gas-analogous. The first 
compound thus obtained is tthylic alcohol^ ordinary spirits of wine ; 
the second, propylic alcohol^ generated in the fermentation of the 
grape-skin residue of the manufacture of wine; the third, hutylic 
alcohol^ formed by the fermentation of the molasses of beetroot sugar ; 
the fourth, amylic alcohol^ or potato oil, obtained as a residue in the 
manufacture of spirit from the starch of potatoes. Caproic, ananihylicy 
and caprylic^ alcohols are further terms of the series, which rises, not 
without considerable gaps, to terms containing as many as eighteen, 
twenty-seven, and even thirty atoms of carbon, which are found 
respectively in palmitic^ cerotic^ and melissic alcohols : the first, a 
product of the decomposition of spernmeeti ; the last two, derived 
from ordinary bee*s wax and Chinese wax. 

Increment of Carlon. 


Alcohols. 


Methylic alcohol . 

CH,0 


Ethylic 

>) • 

CH.O + 

CH. = C,H,0 

Propylic 


CH.O + 

2 CH. = C. H. 0 

Butylic 

• 

CH.O + 

3CH. = 

Amylic 


CH.O + 

4CH,= C,H„0 

Caproylic 

>» • 

CH.O + 

5 CH. = C.H,.0 

G!)nanthylic 

* 

CH.O + 

6 CH. = C, H„0 

Caprylic 


CH.O + 

7CH.= C.H„0 

Palmitic 


CH.0 + 

15 CH. = c,.n«o 

Cerotic 


CH.0 + 26 CH. = C»H«0 

Melissic 


CH,0 + 29 Cn, = C„H„0 


Again, we may take another compound as point of departure. 
Formic acid is a b^y long since discovered to be secreted by tlie ant. 
By adding an atom of carbon and two of hydrogen to this acid we 
arrive at acetic acid^ which we have already met with this evening as 
one of the products of the oxidation of olefiant gas. By the successive 
accumulation, within the molecule of this acid, of similar quantities of 
carbon and hydrogen, a long series of acids is formed, including some 
of the most interesting compounds with which the chemist has to deal ; 
butyric acid, contained in butter ; valeric^ the active oDnstituent of the 
valerian root ; caproic and caprylic, obtained from goat’s fat ; anan^ 
thylic^ from castor oil ; pdargmic, the odoriferdus principle of 
pelargonium roseum ; rutic^ the product of oxidatiod of oil of rue ; 
palmitic, contained in palm oil and in spermaceti; maryaric and 
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stearic, constituents of the majority of animal fats ; cerotie and melissic 
acids, lastly, occurring in the several waxes. 


Increment of Carbon. 
Acij}3. 


Formic acid 
Acetic ,5 



CH.O. 
C H, 0 . 

+ 

CH, 


c. 

H, 

0 , 

Propionic ,, 



C Ilg Og 

+ 

2 CII. 

= 

C, 

H. 

0 . 

iJutyric „ 



c u, 0 , 

+ 

3 dig 

= 

C* 

II. 

0 . 

Valeric „ 



C Ilg Og 

+ 

4 CH, 

= 

C. 

H., 

0 , 

Caproic „ 



C II. 0 . 

+ 

5 CH. 

z= 

C, 

H.. 

0 . 

CEiianthylic „ 



C Ilg Og 

+ 

6 CHg 

= 

C. 

H„ 

0 . 

Caprylic „ 



C Ilg Og 

+ 

7 CHg 

=z 

C, 

Hig 

0 . 

Pelargonic „ 



C H.O. 

+ 

8 CHg 

= 

C, 

n„ 

0 . 

Biitic ,, 



C H.O. 

+ 

9 CHg 

= 

Cio 

H* 

0 , 

Laurie „ 



* C Hg Og 

+ 

11 CHg 

— 

C..‘ 

H« 

6 ‘ 

Coci»^<<* „ 



C Ilg Og 

+ 

12 CHg 


C., 

H„ 

0 * 

Myristic ,, 



C Hg Og 

+ 

13 CHg 

= 

Cu 

H„ 

0* 

Benic „ 



C Hg Og 

+ 

14 CHg 

=r 

C.» 

H„ 

0 . 

Palmitic ,, 



C Hg Og 

+ 

15 CH* 


C„ 

H„ 

0 , 

Margaric „ 



C H. Og 

+ 

16 CHg 

= 

C„ 

H« 

0 . 

Stearic ,, 



CHgOg 

+ 

17 CHg 

= 

c\. 

H», 

0 . 

Cerotie „ 



*CHg Og 

+ 26 CHg 

= 


n« 

6. 

Melissic „ 



0 Ilg’ Og 

+ 29 dig 

= 

cj, 

H„ 

6. 


The action of the acids just examined upon the groups of alcohols 
previously studied gives rise, as is well known, to the class of bodies 
called compound ethers. On arranging some of the numerous bodies 
belonging to this group into a series in which the carbon rises, atom by 
atom, we find, in exact accordance with our former observations, that 
the accession of one atom of carbon involves the simultaneous introduc- 
tion of two atoms of hydrogen : — 

Increment of Carbon. 

COMPOCNI> Etheks. 

Formate of IMeth} 1 . C* II 4 O# 

Formate of Ethyl . C* H 4 O* + CH* 

Acetate of Ethyl . C. II4 08 + 2 Cllg 

Butyrate of Methyl . C* H 4 O* + 3 CH* 

Butyrate of Ethyl . C* H 4 Og + 4 (JH* 

Acetate of Amyl . Cg H 4 Ot + o CII* 


= C3 Hg O. 

= C4 Hg Og 
= C, B.0 Og 
= Cg H,g O, 
= C, H,4 O, 


Hb Vol 1 I 
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All these substances present more or less general interest. The 
powerful, and in some cases almost repulsive odours which the com- 
pound ethers possess may be tamed down by dilution, so as to render 
these substances useful, and indeed extensively applied, substitutes for 
natural essences. Formate of methyl^ the simplest of all compound 
ethers, like the next ierm^ formate of ethyl, has received some applica- 
tions in the flavouring of inferior varieties of rum. Acetate of ethyl, 
familiar to everyone as acetic ether, is used for ‘‘ improving ” certain 
wines ; the butyrate of methyl and ethyl, substances which undiluted 
possess an almost overwhelming, and by no means attractive, odour, 
exhale, when dissolved in an appropriate aiqpunt of spirits of wine, the 
finest perfume of the pine apple ; acetate of amyl, lastly, the final term 
of our series, exhibits the peculiar aroma of the jargonelle pear in so 
high a degree that it is now extensively manufactured to flavour the 
well-known pear drops of our confectioners. 

I must not, however, dilate too much on the odoriferous qualities 
of the compound ethers ; here, itideed, we are concerned with these 
substances only in so far as they afford additional evidence in favour 
of our speculations respecting the growth of carbon in a series of 
carbon compounds. 

One more illustration and we shall have done witli this part of our 
inquiry. In a lecture delivered some time ago in this theatre, 1 had 
the honour of submitting to the members of the Iloyal Institution a 
brief account of Mauve and Magenta, the remarkable coal-derived 
colouring matters which have sprung from the happy union of 
industry and science in our times. May 1 be permitted once more to 
call your attention for a moment to the group of tinctorial ammonias? 
Aniline red, or rosaniline, as it is called by chemists, is convertible by 
certain processes into beautiful violet, and even blue colouring matters. 
This conversion iiTvariably involves addition of carbon to the molecule 
of rosaniline. By its conversion into certain varieties of violet, the 
red fixes six atoms of caibon ; by its transition into certain bluish 
shades, not less than fifteen atoms of carbon are assimilated. In what 
manner does this increment of carbon affect the amount of hydrogen ? 
Inspection of the diagram teaches us that aniline violet contains 
12 = 2 X 6 atoms of hydrogen more than aniline red, and that the 
transition of red into blue is attended by an accession of as many as 
30 = 2 X 15 atoma of hydrogen. 


Increment of Carbon, 
CoLOlKlNa Mattliis. 


Aniline red . C*, Hgi N* O 

Aniline violet. 0*0 H*, N* O + 6 CH* = H*, 0 

Aniline blue . C*o II, * O + 15 CH, = 0^ H,, N, O 
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In the preceding renaarks I have submitted to you an extensive 
series of examples taken from different pages in the vast volume of 
chemistry, which appear to indicate that oxygen combines atom by 
atom, that nitrogen enters the compound freighted with one atom of 
hydrogen, and lastly, that carbon cannot join the concern except with a 
capital, so to speak, of two atoms of hydrogen. Supposing for a 
moment that this rule could be esUtblished without a single exception 
throughout the whole range of chemistry, are we enabled to assign 
a probable reason for this peculiar behaviour of the oxygen, nitrogen, 
and carbon atoms ? 

To answer tliis question we must commence by considering for a 
few monients some of the simplest compounds of the elements con- 
cerned. 

Here we have four glass tubes surmounted by large globes. The 
first of these contains hydrochloric acidy the compound of hydrogen 
with chlorine ; the second did contain the vapour of watrr, the com- 
pound of hydrogen with oxygen, but which is now condensed to small 
drops of fluid water deposited on the sides of the globe ; in the third 
vessel we have the compound of hydrogen with nitrogen, ammonia ; 
while the last is filled with one of the compounds of carbon with 
hydrogen, riz. marsh-ga^. 

These four compounds, all transparent and colourless, we distin- 
guish by the simplest experiments. On opening the scaled tubes 
of the vessels under mercury no change takes place in the case of 
hydrochloric acid, ammonia, and marsh-gas, W'hile the mercury imme- 
diately rises and fills the globe containing the condensed water vapour. 
Wiieii the remaining three vessels are now raised, so as to allow the 
broken points of the tubes to dip in a layer of water floating on the 
mercury, the liquid rushes into the globes containing hydrochloric acid 
and ammonia ; of the two solutions thus produced by the absorption of 
the gases, the one containing the hydrochloric acid reddens blue litmus ; 
the other, formed by the absorption of the ammonia, changes red lit- 
mus to blue. The marsh-gas differs from all the others by its insolu- 
bility and by its inflammability. Indeed, if the globe be broken and 
a light applied, the gas burns with a feebly luminous flame. 

Nor are the diflerences observed in the structure of these four 
hydrogen compounds less characteristic, although they cannot be so 
easily demonstrated by experiment, at all events within the limited 
time at my disjmsal. Indeed, to give you an idea of their structure 
which is necessary for our purposes, I must be permitted to borrow a 
leaf from the book of the Wizard of the North, and to avail myself of 
a simple mechanical contrivance devised for that purpose. Let these 
four tin boxes represent two volumes of hydrochloric acid, water-gas, 
ammonia, and marsh-gas. 

We wish to know the quantities of hulrogen contained in two 
volumes of each of these four bodies, and we find that out of the two 
volumes of hydrochloric acid we are enabled to pull one volume of 
hydrogen ; out of the same volume of water-va]K)ur, two volumes of 
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hydrogen ; out of the same volume of ammonia, by a mechanical con- 
trivance of the simplest description, three volumes of hydrogen ; and 
lastly, out of two volumes of marsh-gas, /owr volumes ol hydrogen. 

Fio. 1. 



We now require to know the quantities of the other elements pre- 
sent in the four compounds under examination, and again we extract 
from the original two volumes of hydrochloric acid one volume of 
chlorine ; from the two volumes of water-vapour, one of oxjgen , from 
the two of ammonia, owe of nitrogen ; and lastly, from the two \olumes 
of marsh-gas, an amount of carbon which pTOvii>ionaUy I ma} be per- 
mitted to represent by one volume, since, owing to the non -volatility of 
the carbon, the volume of the carbon vapour has not yet been ascertained. 

Fig. 2. 
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The information mechanically conveyed to us by our tin boxes is 
embodied in the following diagram, which is, moreover, calculated to 
enlarge our views respecting the combining powers of the elements 
chlorine, oxygen, nitrogen, and carbon. 


Fig. 4. 

Hydrochloric Acid. Clilonne (Molecule). Cliloride of Sodium. 



Water. Hypochlorous Anhydride. Oxide of Sodium. 



Ammonia. Clilorlde of Nitrogen. Trisodamide. 



Marsh Oaa. Tctrathloride of Carlmn. Soilmm-methyl. 
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In the second column of the diagram are given the compounds of 
these four elements with chlorine, and exactly as we have seen them 
combining respectively with 1,2, 3, and 4 volumes of hydrogen, we 
now find them associated with 1, 2, 3, and 4 volumes of chlorine. 
Again, in the third column we have tlie series of sodium compounds of 
these elements, and although in this Ciise we must be careful not to 
speak of volumes of sodium- vapour, since chemists have not as yet 
obtained sodium-gas in the pure state, we perceive at all events from 
the diagram that one volume of oxygen fixes exactly twice, one volume 
of nitrogen exactly three times the quantity of sodium which is com- 
bined with one volume of chlorine. 

The study of elementary gases has led chemists to the unanimous 
opinion that equal volumes of these different gases contain un equal 
number of the smallest particles or atoms. Numerous theoretical con- 
siderations and numerous experimental inquiries inevitably lead to this 
result, which is now a generally received truth. If equal volumes of 
different gases be submitted to the same pressure they contract to an 
equal extent, and if they are equally heated they expand equally. 

We have here an apparatus so disposed as to permit us to establish 
this point experimentally. It consists of a kind of double U tube, with 
one long and simple limb, and one short limb bifurcated into two 
branches, each of which is provided with a stopcock. These short 
limbs are moreover surrounded by a glass cylinder. Near the bottom 
of the apparatus another stopcock is placed, enabling us to empty the 
apparatus. The three limbs of the instrument being filled with mer- 
cury, we introduce into the stopcocked limbs the gases to be examined, 
into the one hydrogen and into the other oxygen, care-being taken to 
have as nearly as possible equal volumes of the two. I’hcse volumes 
being marked by .caoutchouc rings we pour mercury into the long 
open limb, and we find that the mercury column thus obtained com- 
presses the two gases to an exactly equal extent. Again, on letting out 
mercury through the bottom stopcock, so as to lower the column and 
diminisli the pressure, we observe that both hydrogen and oxygen 
undergo equal dilatation. And so again we are enabled to prove the 
expansion and contraction of the two gases to be equal, if the glass 
cylinder surrounding the bifurcated limb of tlie apparatus be filled 
alternately by hot steam or cold air. 

Now, if equal volumes of the elementary gases contain an equal 
number of atoms, it is obvious that 

The chlorine atom combines with 1 atom of hydrogen, 

„ oxygen „ „ 2 atoms „ 

„ nitrogen „ „ 3 „ „ 

and since there are reasons for believing that the quantify of carbon 
existing in t^o volumes of marsh-gas (but which, as I Have pointed 
out, has never been obtained in the gaseous state) represents the carbon 
atom, we may add that 

The carbon atom combines with 4 atoms of hydrogen. 
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And in a similar manner we may say that the atoms of the four elements 
in question, when uniting with chlorine, are found to be capable of 
fixing 1, 2, 3, or 4 atoms of chlorine. 



Fig 5. 



These observations which, if time permitted, might bo considerably 
expanded, lead us to a very important distinction of elementary atoms, 
which is based upon their atom-Jixing capahilitiesy more shortly ex- 
pressed, upon their combining powers. 

If tlie atom-fixing power of the chlorine atom be taken as standard 
of comparison, we are compelled to assign to the oxygen atom the two- 
fold, to the nitrogen atom the threefold, and to the carbon atom the 
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fourfold atom-fixing power : or^ looking at this question from a different 
point of view, we find that one atom of oxygen is performing the work 
of two atoms of chlorine ; one atom of nitrogen, that of three ; one atom 
of carbon, lastly, that of four atoms of chlorine. Hence we distinguish 
the chlorine atom as univalent^ the atom of oxygen as bivalent^ that of 
nitrogen as trivalent, and, lastly, the carbon atom as quadrivalent. 

With the recognition of these different combining powers in elemen- 
tary atoms we have made a very considerable step towards the solution 
of the question which presented itself in the earlier part of this discourse, 
viz. : itow is it that the oxygen atom is fixed directly, the nitrogen 
atom together with one, the carbon atom, lastly, together with two 
atoms of hydrogen ? This peculiar mode of combination is the neces- 
sary consequence of the special atom-fixing capabilities of the oxygen, 
nitrogen, and carbon atoms ; and this I believe I can show you by a 
very simple contrivance. I am again tempted to rely entirely on me- 
chanical means of elucidating the subject, and I will on this occasion, 
with your permission, select ray illustration from that most delightful 
of games, croquet. 

Let the croquet balls represent our atoms, and let us distinguish the 
atoms of different elements by different colours. The white balls are 
hydrogen, the green ones chlorine atoms ; the atoms of fiery oxygen are 
r^, those of nitrogen, blue ; the carbon atoms, lastly, are naturally repre- 
sented by black balls. But we have, in addition, to exhibit the different 
combining powers of these atoms. This we accomplish by screwing 
into the balls a number of metallic arms (tubes and pins), which corre- 
spond respectively to the combining powers of the atoms represented, 
and which, while constituting an additional feature* of distinction, 
enable us at the same time to join the balls and to rear in this manner 
a kind of mechanical structures in imitation of the atomic edifices to be 
illustrated. Thus the hydrogen and chlorine atoms, which are wwt- 
valeni atoms, have each one arm, representing one combining or attraction 
unit ; the atom of oxygen, a bivalent atom, has /ico, representing two 
attraction units ; while the nitrogen and carbon atoms, respectively tri- 
valent and quadrivalent^ are provided with three and four arms, indi- 
cating the three and four combining units respectively distinguishing 
these atoms. 


Fi«. 6. 




Of the newly-formed building materials let us make a preliminary 
trial in constructing the four hydrogen compounds just exatnined. 

We start with four appropriately disposed stands as a foundation, 
on each of which we place a hydrogen sphere ns the first building stone. 
On one of these hydrogen atoms we fix a chlorine atom by inserting 
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the solid arm of the former into the tubular arm of the latter, we have 
thus constructed a molecule of hydrochloric acid. The atti action 
units of the two elements are saturated; we can add no more ; the 
building is finished. 


IV.. 7. 



Foimatiou of iLiDR^trinonx a« in 


The next hy drogen atom w^e combine in a similar manner w'ith 
an atom of oxygen, but no closed molecule is thus jiroduced. One of 
llie attraction uniN of the oxygen is not yet saturated, as indicated by 
the one arm remaining uncovered. Only by fixing upon this arm a 
second liydrogen atom we saturate this second attraction unit also. 
The closed water inoloeule is a finished building. 


Fio. s. 



Form iiK>n of W \im. 


Again, an atom of nitrogen is inserted into the hydrogen atom on 
our third stand ; the two nitrogen arms which are loft exposed suffi- 
ciently indicate that tw'o atlracliou units remain uusaturated, and have 
accordingly to be provided with two atoms of an univalent element. 


HS Vol 1 I • 
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If this univalent element be hydrogen , the finished structure is the 
molecule of ammonia. 


Fio. 9. 





Formatioii of Ammomv 


In a similar manner, lastly, we perceive that when a four-armed 
carbon atom is fixed upon the hydrogen atom, the three combining 
units remain unsaturated, and tliat the construction of a closed molecule 
of raarsh-gds can be accomplished only by the accession of three atoms 
of hydrogen. 


Fio 10. 



Formation of Marsh>gis 


At this stage we may appropriately resume the question suggested 
by the earlier considerations of this evening. The facility With which 
our newly-acquired building material may be handled, enables us to 
construct even some of the more complicated substances involved in 
these considerations. 

And first, the building up of the oxygen compounds of hydrochloric 
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acid may be attempted. On opening the molecule of hi/drochloric acirf, 
two attraction units (one belonging to the hydrogen atom, and the other 
to the chlorine atom,) are liberated ; they are exactly equal to tlie two 
attractions of the bivalent atom of oxygen. With the insertion of an 
oxygen atom we perceive that the molecule is closed again, no uncovered 
arm projects, no attraction remains unbalanced. This new molecule — 
we call it hypochlorous acid — we open again : again two attraction 
units are liberated and saturated by a second atom of bivalent oxygen. 
The molecule of hypochlorous acid is thus converted into tlie molecule 
of chlorous acid. The insertion of one or two more oxygen atoms 
under exactly similar circumstances would give rise to the formation 
of the molecules respectively of chloric and of perchloric acids. 

We are thus enabled, by availing oursches exclusively of oxygen 
as building material, to convert the two-storied molecule of hydro- 
chloric acid successively into a three-, four-, five-storied molecule, and 
ultimately even into the six-storied molecule of perchloric acid ; and 
there is no reason why a happy experimentalist, by using additional 
and more complicated scaffolding, should not succeed in raising still 
loftier !strf<f/Mres. 

Fuj. U. 




Il\pii()(“'niA>Rrr C'iiIokoits li'iorn Pnw iiioiiK 

Ani) Ac'D Ac’n Afu> A<ii' 


The reason why, when uniting with a ci" ipound, oxygen joins this 
compound, atom by atom, is now obvious, lly t>pening a finished 
molecule, two attraction uuit.s arc set free ; those may be balanced by 
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one atom of oxygen, but also by a chain of two, three, four, in fact, 
of any number of oxygen atoms. Of tlie two, four, six, eight, &c. 
attraction units possessed by one, two, tliree, and four atoms of oxygen, 
two, four, and six units are consumed in linking these atoms into a 
chain, so that only two units, one at each end of the chain, remain at 
our disposal, and may be used in closing up again the broken 
molecule. 

Not less satisfactory is the information supplied by the considera- 
tion of a series of nitrogenetted compounds. In hydride of ethyl 
posse‘«s a molecule containing two atoms of carbon and six atoms of 
hydrogen. With the view of introducing an atom of nitrogen we 
break this molecule. A glance at our model shows us at once, that 
by inserting between the fragments a nitrogen atom only, we are 
unable to reproduce a finished building, for of the three attraction 
units with which the nitrogen atom enters, two only arc saturated ; one 
remains unsaturated, indeed one nitrogen arm projects uncovered. 
It is only by addition of another atom of h}drogen that the closed 


Fig 12. 
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molecule of ethylamine is formed. This molecule again we open, 
again we introduce an atom of nitrogen, and again we observe that 
one attraction unit of the newl^-added atom remains unsatisfied, 
and tliat an additional atom of hydrogen is required for the trans- 
formation of ethylamine into ethylene-dimnine^ and so again when 
ethylene-diamine is to be converted into vinyltriamine. 



Kni\LINl'l>IAMlM 
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AVhy the nitrogen atom does not combine directly, like the atom 
of oxygen, but always carries an atom of hydrogen iong with it, is 
now likewise demonstrated. If a finished molecule be broken for the 
reception of a new atom, the number of combining units liberated. is 
always two. This, as we liave seen, is the number which is saturated 
by one atom of oxygen, or by a chain of oxygen atoms ; but when 
these two attraction units are saturated by a nitrogen atom, one of 
the attraction units of the nitrogen remains free; when they are 
saturated by a chain of nitrogen atoms, the number of attraction units 
remaining free must be equal to the number of atoms composing the 
nitrogen chain. 


The experience acquired in the study of the oxygen and nitrogen 
compounds has prepared us for the examination of the increment of 
carbon. In fact, it is only necessary to apply the method hitherto 
followed to one of the series of carbon compounds already reviewed, 
to enable us to understand why the carbon atom is assimilated, not 
atom by atom, like the oxygen atom, not associated with one atom of 
hydrogen like the nitrogen atom, but associated with two atoms of 
hydrogen. 

We have only to remember that the carbon atom saturates four 
combining units, while the nitrogen atom saturates only three, Now, 
we have seen that the rupture of a molecule involves the liberation of 
two attraction units. The saturation of these two units by the 
trivalent nitrogen atom left 3 — 2=1 attraction unit disengaged ; in a 
similar manner, if the saturation be effected by the quadrivalent carbon 
atom, 4—2=2 attraction units must remain unsaturated. 

The reason why the carbon atom, when fixed by compounds, 
associates with two atoms of hydrogen, — why so large a number of 
carbon compounds differ by Cllg, or a multiple thereof,— in fiict, the 
relation in the composition of numerous series of carbon compounds 
which is designated by the term homology^ is now intelligible 

In attempting to illustrate this behaviour of the carbon atom by 
our mechanical models, we conveniently select the molecule of marsh- 
gas, the simplest compound of carbon and hydrogen, as the foundation 
of our edifice. This molecule we open for the insertion of a second 
carbon atom. The two attraction units liberated by the rupture of 
the molecule are saturated by two of the attraction units of the quadri- 
valent carbon atom, two attraction units of which remain un- 
saturated. Indeed two carbon arms remain uncovered, on which we 
forthwith fasten two atoms of hydrogen. 'J’he transformation of marsh- 
gas into hydride of ethyl is thus accomplished. 



HiDRIDC OF LtHTU 


We open again for the reception of another atom of carbon, and 
this third atom joins under exactly the same circurastancas, carrying 
along with it into the new molecule, the spaces, so to speak, for two 
additional atoms of hydrogen. Hydride of ethyl in this manner 
becomes hydride of propyl. 


n^rmiDK oi tnnL. 


IIVDIUDF OF I’ROnL. 



Hydbidf ot Pl<»I\I 




It is scarcely necessary to expand these illustrations, and if I ven- 
ture to raise up a few more of these mechanico-cheinical edihees, it is 
because I want to ^llow ^ou that our building stones are available 
for many other purposes. 

Hitherto we have been satisfied with examining under what con- 
ditions the atoms of oxygen, of nitrogen, and carbon are received into 
molecular structures. The question now presents itself, on what 
terms the chlorine atom is allowed to join ? 

The model of the marsh-gas molecule is still before us. Lot us 
open this molecule for the reception of a chlorine atom. Two attrac- 
tion units are thus liberated ; but the chlorine atom is univalent. 
Accordingly two atoms t>f chlorine are required, one of which 
combines with the hydrogen atom which we remove from the marsh- 
gas, converting it into hydrochloric acid which sejiarates, while the 
other chlorine atom joins the rest of the molecule of niarsli-gas. The 
new molecule, monochlorinetlfd marsh~yas^ ni.iy he looked upon as 
marsh-gas in which one atom of chlorine holds the position iiriginnlly 
occupied by the hydrogen atom. We are thus led up to the r<lcognition 
of new conditions of combination, conditions which have dot as yet 
attnicted our attention this evening, but which unfold to us one of the 
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most important principles of modern chemistry, the principle of substi- 
tution, The monochlorinetted marsh-gas, which is a liquifiable gas, 
when again submitted to the action of chlorine loses a second, a third, 
and lastly, a fourth atom of hydrogen in the form of hydrochloric 
acid, giving rise to the formation of dichlorinetted, trichlorinetted 
marsh-gas, better known as chl&roforni, and, lastly, of tetrachlorinetted 
marsh-gas or tetrachloride of carbon, L e. marsh-gas in which the four 
atoms of hydrogen are displaced by an equal number of chlorine atoms. 


Fig. ifr. 



MovofiiioRivF rn i> I>i< iiumiim m d Iruhiorpsittfd Titrai hi/irivetted 
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Our information regarding the combining powers of atoms is thus 
materially expanded. Having already learnt that when entering into 
a molecular structure the carbon atom associates with two atoms of 
hydrogen, the atom of nitrogen with one atom of hydrogen, that the 
oxygen atom combines directly, we now find that the chlorine atom 
combines only by substitutiofi, i, e. when a space has become vacant 
in the molecule by the expulsion of hydrogen. 

The rest of the marsh-gas molecule remaining after the introduc- 
tion of one atom of chlorine, and consisting of one atom of carbon, 
combined with three atoms of hydrogen, is frequently designated by 
the name of methyl. The aggregate of atoms CII3, the radical methyl, 
may be traced in all the compounds obtainable from marsh-gas by the 
insertion of other atoms. Thus by the assimilation of an oxygen atom, 
marsh-gas becomes methylic alcohol, i. e. water in which one atom 
of hydrogen is displaced by methyl, by the absorption of nitrogen 
widi its tributary hydrogen, it becomes methylamine, t. e. ammonia in 
which one atom of hydi’ogcn is displaced by methyl ; by the incor- 
poration of an atom of carbon, lastly, with its pair of hydrogen atoms, 
the marsh-gas molecule is converted into methyl-marsh-gas, i, e, marsh- 
gas in which an atom of hydrogen is displaced by methyl. 
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from one or other of the methylic bodies just enumerated. The 
facility with which the chlorine atom in chloi ide of methyl may be 
exchanged for other atoms, leaving the aggregate of carbon and 
hydrogen, which wecitll rnetli}!, perfectly intact, the mo|jility of one of 
the hydrogen atoms in methylic alcohol, and of two of the hydrogen 
atoms in methylic ammonia, the possibility of replacing even the 
oxygen and the nitrogen in these compounds, without affecting the 
methyl, the stability, lastly, of methylic marsh-gas, containing as it 
does the whole of its carbon and the whole of its hydrogen in the form 
of methyl, all these circumstances appealed to indicate the probability 
of the separate existence of methyl. Why all attempts to separate the 
atom group CUg have remained unsuccessful ; why methyl could not 
be caught ; why, ultimately when Dr. Frankland’s masterly experiments 
appeared to have precluded all chance of escape, despairing methyl 
combined with itself, surrendering as methylic marsh-gas or methyl- 
methyl ; why, in fact, it would appear to lie an essential diaractcr of 
methyl not to have a separate existence : all these questions arc readily 
answered by our croquet balls, which exhibit us methyl as an unfinished 
molecule, capable of conversion into the finished molecules^ hydride, 
chloride, hydrate, amide and raethide of methyl, but not ilpable of 
existing as a molecular fragment with imperfectly balanced attractions. 

Taking a farewell glance at the results we have elicited this 
evening, we may fairly ask whether the experience collected on a 
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comparatively limited area is fully and unequivociilly corroborated by 
the examination of a more expanded range of observations ? To this 
question we cannot unhesitatingly give an affirmative answer. It would 
not be difhcult to quote a number of substances, the construction of 
which appears to have been governed by rules of combination different 
from those which we have endeavoured to lay down. Indeed, we need 
not even go beyond the circumscribed field on which we have hitherto 
moved to meet with prominent cases of exception. 

Among the several compounds of carbon and hydrogen which have 
passed through our hands this evening, we remember the two simplest, 
marsli-fjias and olejiant gas. In the n)arsh-gas molecule CII4, we 
have the carbon atom completely saturated with liydrogen ; by the 
entrance of a second carbon atom, with its two accessory hydrogen 
atoms, we saw the molecule of marsh-gas, or hydride of methyl, 
converted into the molecule of hydride of ethyl CJIs. 

The formula of olefiant gas, Call4, places its molecule midway 
between the molecules of marsh-gas and hydride of ethyl. Comparing 
olefiant gas with marsh-gas, we find that it contains one of carbon 
more tlnwv ‘the latter, the number of hydrogen atoms being equal in 
both substances. Contrary, then, to the rule on which we hitherto 
relied, wc find that the carbon atom transforming the marsh-gas 
molecule into the molecule of olefiant gas, enters icithout carrying 
along the t>vo atoms of Indrogen, which we had accustomed ourselves 
to consider ns the inseparable companions of the carbon atom on such 
occasions. While frankly admitting that in olefiant gas we meet with 
the first exception to a rule hitherto luibrokeji, we are entitled to 
impiire whether there are no means (d‘ explaining this anomalous 
construction of the olefiant gas molecule. Let us again apply to the 
models which, in a measure, liave assisted us iu constructing the rule; 
perhaps they may help us also in eluchlating the exception. 

In building up the molecule of olefiant gas by the insertion into the 
marsh-gas inolecul(»of one atom of carbon only, w e obtain wdiat hitherto 
we would have called an uttjuilshed molecule, i,c. a molecule in which 
two of the attraction units of the second carbon atom are unsatisfied. 
Indeed, a glance at our modd shows us that two carbon arms project 
uncovered. AVe are thus led to iiujuire w hether unfinished molecules, 
i.e, molecules in which a certain number of attraction units remain 
unbalanced, are ea[)able of a separate existence. I'his question is 
accessible to experiment. Olefiant gas, indeed, possesses all the 
characters which, granting for argument’s sake the possibility of its 
existence, wt arc inclined to attribute to an inifinished molecule. In 
the cases hitherto considered, we saw the chlorine atom, when admitted 
into a molecular structure, always entering with suhstitution, hydrogen 
separating from the clilorinetted molecule in the form of hydrochloric 
acid. In this manner we succeeded in transforming the marsh-gas 
molecule successively into monochloriiietted, di-, tri-. and, lastly, te- 
trachlori netted marsh-gas or tetrachloride of carbon. Submitting, on 
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the contrary, olefiant gas to the action of chlorine, we find that the 
chlorine is fixed directly^ without substitution^ the chlorine atoms meet, 

Fig. 20. 



MaKSH-0\s OLfFIXNT G\s DiT^n Thjip 

so to Speak, with vacant spares existing in the olefiant gas molecule ; 
in order to get in, they need not expel a corresponding number of 
hydrogen atoms to make room for them. I'lie compound generated 
is the so-called Dutch Uquidy an oily substance first produced by an 
association of Dutch chemists at the close of the last century. It 
was tlie production of this oily liquid that gave rise the name of 
olefiant gas. The number of chlorine atoms thus received directly 
without substitution is tico^ corresponding exactly with the number 
of attraction units that remained unsaturated. Any further number of 
chlorine atoms are found to enter by substitution, and by substitution 
only. Similar phenomena are observed when olefiant gas is brought 
into the presence of bromine. We have here a large glass vessel con- 
taining some bromine and water ; the vessel, by means of a flexible 
tube, is connected with a gasholder filled with olefiant gas. On agitation, 
we see the olefiant gas rusliing into the vessel as into a vacuum. The 
olefiant gas fixes two atoms of bromine, being converted into a trans- 
parent colourless liquid, the substance called dibromide of olefiant gas. 
Here again the combination takes place without substitution. 

The behaviour of olefiant gas, under the influence of chlorine and 
bromine, elucidates the nature of its molecule. The faeility witli 
which this gas is capable of fixing two atoms of chlorine to become 
Dutch liquid, two atoms of bromine to become bromide pf olefiant 
gas, and by roundabout processes two atoms of hydrogen to become 
hydride of ethyl — all three finished molecules— characterises olefiant 
gas as a molecule interrupted in its growth, and in which the power 
of rc'suming this growth, and the limit of its final development, may 
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be traced by the simplest experiments. The apparently anomalous 
construction of the olefiant gas molecule is thus most satisfactorily 
accounted for. Indeed, far from disturbing the harmony of the rules 
of combination elicited by our inquiries, a closer examination into the 
nature of this compound, whilst explaining whatever appeared excep- 
tional in its construction, leads us, on the contrary, to a loftier inter- 
pretation of these rules, to the conception of compounds, the very 
structure of which foreshadows the more prominent features of their 
chemical character. 

I have selected olefiant gas as an example of a class. We remem- 
ber that this substance is tlie first term of a long list of homologous 
bodies, in all of which we find similar structure combined with similar 
chemical properties. All these substances, and, let me add, a great 
variety of others, wc have to regard as molecules arrested under special 
circumstances at a certain stage of their development, hut capable, 
under favourable conditions, of growing again, until by the perfect 
balance of the atomic attractions within, they have ultimately arrived 
at maturity. 

We Inw *hus been led, step by sfcj), to a distinction of a novel 
kind, that of Jinished and iinjinishcd molecules ; or, to use the more 
frequently employed expression, that of saturated and non-saturated 
compounds. 1 need not tell you that this distinction carries us to the 
threshold of a new field of research, hitherto crossed only by a small 
band of fearless pioneers, wlio are encountering difficulties on all sides. 
Admitting, as W’e are compelled to do, the existence of what we have 
called unlinishod molecul(‘s, we inquire under what special conditions, 
at what special stages the growth of a mol(K!ule may be arrested? How 
is it that as yet the mar».li-gas molecule is known only in the finished 
state, CH4, that none of the fragmentary marsh-gases, CHj, Clla, and 
Clli, which might exist, ha^e ever been obtained? Again, how is it 
that the molecule of hydride of ethyl exists, so to speak, hnislied and 
unfinished ; and, lastly, that of the several fragmentary states iu which 
this molecule might be mot with, two only, namely the two states, 
C, Il4 (olefiant gas), and llg (acetylene), have ever becT) observed? 
We are thus brought face to face with some of the most deeply inter- 
esting problems of chemical nieehanics, in the solution of which the 
exertions of chemists are engaged at tlie present moment. I must not, 
however, dwell upon the interest attaclied to this new line of inquiry, 
upon the numerous experiments which the idea of saturated and noii- 
witurated compounds has already suggested, and on the influence it is 
likely to exercise on the direction of chemical investigation for some 
time to come. 

Nor am I permitted to follow these speculations into another 
direction. 1 have to forego, more especially, the pleasure of submitting 
to you some of the ingenious explanations wh*ch Professor Kekule, to 
whom we are greatly indebted for the development of this branch of 
chemistry, lias advanced for the elucidation even of saturated com- 
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pounds of anomalous constitution. Tempting though the further 
elaboration of this subject may appear, it would lead me inevitably 
beyond the legitimate limits of a Friday evening lecture at the Royal 
Institution. 

Indeed my time, and, I fear, your patience, are exhausted, and I 
must add but few concluding words. Your attention so kindly 
bestowed on my remarks will not, I trust, have been entirely thrown 
away, if I have succeeded in convincing you that modern chemistry is 
not, as it has so long appeared, an ever-growing accumulation of 
isolated facts, as impossible for a single intellect to co-ordinate as for 
a single memory to grasp. 

The intricate formulcc that hang upon these walls, and the bound- 
less variety of phenomena they illustrate, are beginning to be for us as 
a labyrinth once impassable, but to which we have at length discovered 
the clue. A sense of mastery and power succeeds in our minds to the 
sort of weary despair witli which we at first contemplated their for- 
midable array. For now, by the aid of a few general principles, we 
find ourselves able to unravel the complexities of these formula?, to 
marshal the compounds which they represent in orderly series ; nay, 
even to multiply their numbers at our will, and in a great measure 
to forecast their nature ere we have called them into existence. It is 
the great movement of modern chemistry that we have thus, for an 
hour, seen passing before us. It is a movement as of light spreading 
itself over a waste of obscurity, as of law diftusing order throughout a 
wilderness of confusion, and there is surely in its contemplation some- 
thing of the pleasure which attends the spectacle of a beautiful day- 
break, something of the grandeur belonging to the 'inception of a 
world created out of chaos. 

[A. W. H.] 



Friday, May 12, I86d. 


Sir IIemiy Holland, Bart. M.I>. D.C.L. F.R.S. rresident, 
ill the Chair. 

Fredeuk K Field, F.U.S. L. E. 

On Magenta and its Derioutiee Colours, 

Three years ago, in this theatre, Dr. Hofmann delivered Us celebrated 
discourse on Mauve and Magenta, and it might seem temerity in me 
to trespass upon the premises of so great and distinguished a master, 
were it not, remembered that during that inter\al rapid strides had been 
made in organic chemistry, and es]>ecially, perhaps, in the direction of 
the aniline colours. 

Although I will endea^our to coniine nnsolf as much as possible 
to the immediate subject of the discourse, it will be necosNary to glance 
for a few moments at tlie liistory of Aniline, the ))rogenitor of nearly 
all the beautiful compounds you sec around the table. 

Aniline was discovered in the year by Un\erdorben, who 

obtained it from the destructive distillation of indigo. A short time 
afterwards, Hunge and Fritschc obscr\ed that by the action of strong 
hydrate of potash u})on the dye, aniline was eliminated in far greater 
(juantity. Indigo in small fragments is heated in a retort with a strong 
solution of caustic jiotash, and in the distillate, which consi^^s of many 
])roducts, there is found a thin and nearly colourless fluid, iiaving a 
specilic gravity of 1,028, a peculiar but not di--agreeable odour, ami a 
pungent biting taste. When kcjit for some time, even in the dark and 
in stoppered bottles, it assumes a darker tint, and becomes ultimately 
a \ery dark brown. LJnverdorbcn culled it ‘‘crystalline,’* Kunge 
“ kyonal,” and Fritsche “aniline.” 

This substance is a nitrogeiiizcd base, and is capable, when com- 
bined with acids, of forming those beautiful crystallized salts, nearly 
all of which have been carefully examined by Dr, Hofmann and other 
chemists. 

There are many other sources besides indigo, from which aniline 
may be obtained. For commercial purposes it is always prepared 
from nitro- benzol, a substance derived from the action of nitric acid 
upon benzol. 

H, -h H N O 3 =: Ce n, N 0, -b H, ().♦ 


C= \-2 - O - \r,. 
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Jsitro-benzol when agitated with water, acetic acid, and iron, yields 
aniline. 

C, II, NO, + 6 II- C, II7 N + 2 IT. 0. 

B^zol was originally discovered by Mr. Faraday in 1825, in his investi- 
gations upon the gaseous products from oils subsequently obtained by the 
decomposition of benzoic acid by means of caustic lime. Mr. Mans- 
field, however, succeeded in producing it in much larger quantities 
from coal-tar naphtha. Wlien the lighter portions of this compound are 
distilled fractionally until a constant boiling j)ooit of 1S0“F. is arrived 
at, the product consists of pure benzol, identical witli the carbodiydro- 
gen obtained by Mr. Faraday. 

From the earliest disco\ery of aniline it was noticed that certain 
oxidizing agents when mixed with a solution of its salts produceil a fine 
violet tint. Even in minute quantities, a few drops (d‘ hypochlorite of 
lime render it purple. 1'here is auotlu'r test for aniline, whieh 1 
will show you, and which, as far as I am aware, has not been observed 
previously. If tlie reil gases obtained by the decom}>osition of nitric 
acid by starch or sugar, be passed into an acjueous solution of aniline, 
the liquid speedily assumes a yellow colour, owing to the formation of 
a new base — a/ophe.iylaminc, whieh is giinlually precipitated as a 
bright yellow powder. It was not, how’ever, until the y(‘ar 185() tliat 
aniline w'as applied to any great practical purpose, although from the 
beauty of its compounds, aud from its comparative accessibility, it had 
from the dmc of its discovery become a great favourite with chemists. 

Mr, IVrkin was the first who produced colour on an extensive scale 
from this base, lie added a solution of bichromate of jiotnsh to a salt 
of aniline, and fiom the precijiitate thereby produced, he isolated a 
magnificent purple dye, he termed mauve,’’ whieh at once beearne 
popular, and indeetr at the time almost uni\ersal. It may truly be 
said that this discovery has identified Mr. Perkin with the aniline 
colours, and that lie will be always associated with one of the must 
striking and brilliant passages in the history of cluMiii'^try as ajiplied to 
the industrial arts. 

It cannot be supjiosed that such a discovery would be allowed to 
rest. A mine had been opened wliicb chemists began to e\])lure, aud 
in such numbers, and with such avidity anti zeal, as almost to lead us 
to anticipate that its riches wdll soon be exhausted. Flio action of 
numerous bodies upon aniline and its homologucs were found to be 
productive of colour. Nitrate of silver, nitrate of mercury, chloride 
of mercury, chloride of tin, arsenic acid, iodine, and many others, when 
heaterl with the base, g:ive a rich crirnstin colour, in ni0rc or l(‘ss 
abundance; and, altliough it would be impossible for me to- enter into 
a disquisition on the comparative merits of these various methods for 
the production of colour, I trust tube able to produce magenti, although 
in .somewhat crude form, at this lecture table, and also to dye this 
tassel of silk from a solution of its salt. 'I'he reagent I w'ill employ is 
iodine. A few crystals of this element are placed in a tube with about 
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twice their weight of aniline. Heat is at once evolved, and with the 
assistance of a higher temperature from the spirit lamp, you will ob 
serve, that in a few moments intense colour is developed. If a few 
drops are now poured into spirit, and this solution added to water, a 
fine rose-coloured tint will appear. 

It may seem strange to those who have read Dr. Hofmann’s beau- 
tiful researches upon the aniline substitutive products, his chloraniline, 
bromaniline, iodaniline, and a multitude of others, that he had not ob- 
served this curious reaction ; and this leads me to tell )OU, en pat^sant^ 
for time will not allow me to dwell upon this interesting topic to-night, 
that aniline, when perfectly pure, docs not yi(dd any amount of colour 
with most of the reagents mentioned above — a most imjiortant fiict dis- 
covered by Dr. Hofmann and jMr. A’icholaon, and which has given rise 
to one of the most dillicult questions which yet remain to be answered. 
I will simply say that it appears that tliere must he a l omologue of 
aniline ])resent with that base tojiroduce the colour yon see before you, 
although that homologue, per se, will gi\e no colour whatever. Thus, 
for exampje, toluidine, C7 H,, N, when treated Avirh oxidizing agents, 
dot's HOC produce colour; let it be mixed with aniline, and the dye is 
inirnc'diately developed. 

The tiiitorial power of the salts of magenta is something marvel- 
lous. No dye that I have examined, whether from the animal, 
mineral, or vegetable world, can bear comparison for one moment with 
this crimson colour obtained from aniline. One grain in a million 
times its weight of water gives a pure red, in ten millions a rose pink, 
in twenty millions a decided blush, and e\en in fifty millions, with a 
white screen behind the \<*ssel in which it is dissolved, an evident glow. 
Magenta has been carefully studied and analyzed by Dr. Ilufmann, Nvlio 
gives us the following formula — 

C,, II,, N30, 11,0 

Although the salts of magenta are posses>ed of such wonderful 
colouring capacity, the base itself is colourless ; and it iS remarkable 
that the union of base and acid for the formatimi of a salt does not 
appear to take place in dilute solutions in the cold, at any rate not im- 
nicil lately. In these two vessels, one containing hot and the other cold 
water, an etpial quant itj' of magenta base is added, and also an eijual 
amoniit of dilute sulphuric acid. In the hot Ihpiid colom is instan- 
taneously deveh)ped ; in the cold solution the liquid remains colourless. 
If now hot water be introduced to raise tlie temperature, you will 
observe at once ibe characteristic rose tint. It may be imagined, 
therefore, that having free acid in a solution of base without production 
of colour, it is possible to have free alkali a coloured solution of a 
salt of the base without depriving it of its tint. Such is the case. If 
to a hot solution of acetate of magenta, for example, caustic soda is 
added, the colour is immediately discharged, but in a cold solution the 
colour remains for a long time unchanged. 
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Dr. Hofmann discovered, about a year ago, that when magenta, or as 
it is termed in chemiral language, rosaniline, is heated with iodide of 
ethyl, a change is ctfected, and a substitutioii product formed, winch 
was termed ethyl-rosaniline. The salts of this new base, unlike 
magenta, dissolve with a beautiful violet colour, and are capable of 
affording most remarkable manife-ilations. 1 he dark violet liquid, on 
the addition of sulphuric acid, becomes colourless ; on adding ammonia 
the original purple is restored. If hydrochloric acid is added in small 
quantities, the liquid changes to blue ; if in larger (juantities, to a bril- 
liant green. When this green solution is thrown into water, so as to 
dilute the acid, the original \iolet returns. 

When aniline is heated with salts of magenta, purple and blue 
colours arc produced, all of which are now extensively emjdoyed in 
commerce, and afford tint'* of great Ixrilliancy and beauty The blue 
is perfectly insoluble in w'ater, but readily soluble in alcohol, and is 
capable of dyeing both silk and W'ool with the gri*atest facility. 

Mr. Nicholson patented a method a few years ago for obtaining a 
beautiful blue dye, soluble in water, wbicb consisted in heating tlic 
phenyl blue in strong sulphuric acid until a drop of the seini-lhpjid 
thrown into water was found to be entirely dissolved. 1 his compound, 
how'cver, although very applicable for silks, refuses to impart its colour 
to wool, which may be evemplififxl by immersing two while tassels in 
the liquid —th(‘ silk is immediately dyed, while the wool remains un- 
changed. 'file effect is still more striking upon cotton. We hav(' here 
the letters K. T. (the initials of the Hoyal Institution) worked in silk 
U|)on a cotton ground : after dipping it for a few moments in this bath 
the letters will become blue, and the cotton continue wlrite. 

Aniline irn'en, wliieh has lately become so ])opiilar, is produced by 
tlie action of aldeliyde and some other deoxidi/.ing agenN upon ros;i- 
niline. I Id'' is one of the most charming colours yet disoovi'n^d, but 
has not been (ns far as its clieinical nature is conecrnid) sitisfactorily 
investigated. To judge of its purity of tint, it is only necessary to 
compare the commercial greens, prepared by various mixtures of yellow 
and blue, witli the dye in question, to observe the inlinile suiieriority of 
the latter. 

Aniline brow’n may be formed by the action of cidoride of aniline 
upon either magenta or violet, at a high temperature. ( J reat destruction 
of colour doubtless takes })lare, but the brown prmlriced is remarkably 
beautiful. The compound, however, is mit definite, nor can it be 
classed among the true chemical products derived cither from aniline 
or rosaniline. 

It has been observed that magenta base is colourless: this may be 
said, probably, of the bases of most of the colours before yoiu On this 
white board I have traced the letters composing the word Aniline ” 
in seven colourless bases derived from that compound. in ethyl- 
rosaniline ; N, in phenyl-violet, ajiproaching indigo in colour ; I, in 
phenyl-hliie; L, in aniline green; I, in azo-phenylamine ; N, in 
chrysaiiiline; and E, in rosaniline. On converting these bases into 
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salts, wliich is easily effected by sprinkling them with acetic acid and 
spirit, the vseven letters should be visible in the seven colours of the 
rainbow — violet, indigo, blue, green, yellow, orange, and rod. 

I will now throw a beam from the electric lamp upon the specimens 
of silk on the screen, and it will be observed how much their brilliancy 
is increased under the iiiHuence of that pure and beautiful light. I am 
indebted to rny kind friends, Messrs. Simpson, Maule, and Niehohsori, 
for the various splendid specimens of dye and other aniline products, 
and to Messrs. Hands, vSon, and Co., (’o\ entry, the eminent silk dyers, 
for the array of silks so kindly furnished me for the illustration of my 
discourse. 

[F. F.l 



Friday, Jane 9^ 1865. 

The Lord AVensldydale, Vice-lVesideiit, in the Cliair* 
Edward Frankland, Esq. F.R.S. 

rROFtssoH or rni^ihTKi, ri. 

On Researches in Organic Cheynistry in the Royal Insiitatim, 

The vast crowd of organic compounds with which modern research 
has made us acquainted, have been grouped into a comparatively small 
number of families, each containing substances closely allied in 
chemical character. Tims, amongst others, the following families or 
seiies of organic bodies are well known and sharply defined : — 

1. The Marsh-gas family. 

2. The Alcohols. 

3. The Organic Ammonias. 

4. The Fatty, or Acetic Series of Acids. 

5. 'Fhe Organic Oxalic Acids, or Lactic series. 

6. The Acrylic ‘series of Acids. 

The speaker referred especially to the last three families as having 
been the subjects of the researches carried on in the laboratory of the 
Boyal Institution during the past year by his friend IV^r. Duppa and 
himself. Two of these families had already received the careful 
study of many chemists; the acetic having been especially illustrated 
by the classic researches of Kolbe and Gerhardt, whilst the lactic 
family had quite recently had the advantage of the equally remarkable 
investigations of Wurtz and Kolbe. Nevertheless, there seemed to be 
still some points of great interest regarding the arrangement of the 
atoms of the.se acids, — their atomic architecture, so to speak, — which 
had not yet received elucidation ; whilst the acrylic himily had hitherto 
enjoyed comparatively but little attention from chemists. 

It had been proved by Kolbe and the speaker, nearly twenty years 
ago, that methyl (011*) is a constituent of acetic acid, and more 
recently that acetic acid and acetic ether are constructed upon the 
carbonic acid or tetratomic carbon type, the formula of acetic ether 
being — 

(cbi 

c “ 

JO 

(0(C,II.) 

From this formula it was seen, that the radical methyl in acetic 
ether contained three single atoms of hydrogen combined with a 
tetratomic atom of carbon ; and the speaker and his friend proposed to 
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themselves the question : Can this hydrogen be replaced atom for atom 
by the alcohol radicals methyl, ethyl, &c. ? In endeavouring to solve 
this problem, they availed themselves of that class of chemical reactions 
in which an electro-positive atom is expelled from a compound by a 
more electro-positive atom. Acetic ether was submitted to the action 
of sodium, by which two compounds of the following composition 
were obtained : — 

(Na (Isa 

C{II (C^Na 

IH and ^ (H 

OC.IT, (OCJI, 


These compounds, when brought into contact with the iodides of 
methyl, ethyl, &c., yielded ethers, exhibiting the substitution which it 
was sought to obtain. Tn this way there had been produced the 
following ethers ; — 


fCH. (C,H, 


(C u 

1 n 

p 

(CpH. 

4,* " 

C 

C C.H, 

1 H 

p 

o! 

(oc, H. 

(OC.H, 


loc. H, 

1 


(C, H., 
C H 

I H 

0 

OC, H, 


Ethoc^tic (ir Butyric Ether r>im< thacf'tit EUicr On thwetic t ther rPuanthylic Ether 


These ethers readily yielded their respective acids by contact with 
alcoholic solution of potash, and thus the luanologous series of fatty 
acids could be ascended step by step, starting from acetic acid, and 
terminating with an acid of the conqiosition of margaric acid, con- 
taining three atoms of amyl in the place of the three atoms of 
hydrogen in the methyl of acetic ether. 


fc, n., 
c c, 
Ic.Hn 

]0 

OH 


A similar inquiry had been instituted with regard to the family of 
acids of which lactic acid is a member, and it had been proved that 
this series of acids are derived from oxalic acid by the substitution of 
one atom of diatomic oxygen, in the latter by two of hydrogen, methyl, 
ethyl, &c. The following, amongst numerous other examples, were 
referred to in illustration of the relations of the primar}^ to the derived 
acids : — 


JO 


fH 

fCH. 


cJo°- 
' 0 


CH. 

CH. 


c. 

OH 

C.JOH 

c. 

lOH 


10 

0 


Oxalic Acid. 


OH 

OH 



Uctic Acid. IMmethoxalic Acid. fithyloinethoxallc Add. 
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From the lactic family of acids access had also been gained to the 
acrylic family, for it had been found that the abstraction of water 
from the ether of an acid of the lactic family converted it into the 
ether of an acid of the acrylic family, thus : — 


fCH. 

CH. 

C,,OH_ -H, 0 = C, 

d 

loC, H, 

Dimethoxalic Lther 


CH. 

CH,'' 


C. 


rc.H. 

C, H. 

OH -H,0 = C. 


O 

OC, H, 

Blethaciyllc KUiar 

fC.H. 
C. H," 


P 

lOC, H. 

Diethozalic Ether. 


P 

loc. H. 

Ethjlcrotonic 


The production of these acids was not merely interesting on 
account of the addition of new members to the acrylic family, but 
their derivation from the synthesized acids of the lactic family afforded 
the most convincing proof of the style of architecture in which tliey 
were built up. 

The investigation of the three families of acids had conclu-^ivoly 
establibhed between them the very simple relations exhibited in the 
three following formulop : — 


Iju:Uc Jamily 


Acetic Family 




H 


H 


H 


C,{OH 

c. 

JI 

C, 

0 


0 


lOH 


on 


Glycollic Acid 

Ao tic Acid 

Acr 


II 

cn," 

0 

OH 


The speaker concluded as follows : — The day has almost gone by 
when the experimenter was asked the use of such investigations as 
these ; nevertheless, it may fairly be demanded, Whither do such 
researches tend ? What is their object? The sole object that we liave 
had in view in these investigations has been the discovery of the laws 
according to which organic compounds are moulded, — tliose com- 
pounds, the transformation of which from one state of coiabination to 
another constitutes an essential part of the phenomena v^e call life. 
There is no royal road to tliis kind of knowledge. It is dnly by thus 
patiently and laboriously examining every part of the subject, that 
the combined efforts of the physicist, the physiologist, and the chemist 
will one day be able to solve the organic problems which at Uie present 
moment appear so unapproachable. The work before us requires a 
vast amount of experiment and thought. Would that more labourers 
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were engaged in it ! Jtlow many men of leisure and ability are almost 
compelled to pass through life with no higher o))ject than their own 
amusement. Why cannot our schools and universities furnish the next 
generation of such men, with the scientific knowledge necessary to enable 
theih to take part in the glorious work of investigating Nature? 

[E. F.] 



